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RECOMMENDATIONS. 


Dartmouth  Univerfity  ^  A.'D.  1785,* 

AT  the  requeft  of  Nicolas  Pike,  Efq.  we  have  infpefted  his 
Syftem  of  Arithmetic,  which  we  cheerfully  recommend  to 
the  public,  as  eafy,  accurate  and  complete.     And  we  apprehend 
there  is  no  treatife  of  the  kind  extant,  from  which  fo  great  util 
ity  may  arife  to  Schools. 

B.  WOODWARD,  Math,  and  Phil,  Prof. 
JOHN   SMITH,  Prof,  of  the  Learned  Languages. 
I  do  moft  fincerely  concur  in  the  preceding  recommendation. 
J.  WHiiELOCK,  Prefident  of  the  Univerfity. 


Promdenc>'^  State  of  Rhoddjland,  1785. 

WHOEVER  may  have  the  perufal  of  this. treatife  on  Arith 
metic  may  naturally  conclude  I  might  have  fpared  myfelf 
the  trouble  of  giving  it  this  recommendation,  as  the  work  will 
fpeak  more  for  itfelf  than  the  moftelaborate  recommendation  from 
my  pen  can  fpeak  for  it :  But  as  1  have  always  been  much  delight 
ed  with  the  contemplation  of  mathematical  fubjetis,  and  at  the 
fame  time  fully  fenfible  of  the  utility  of  a  work  of  this  nature, 
was  willing  to  render  every  affiftancfe  in  my  power  to  bring  it.  to 
the  public  view  :  And  fhould  the  (Indent  read  it  with  the  fam.i 
pleafure  with  which  1  peruled  the  fheets  before  they  went  to  th« 
Prefs,  am  perfuaded  he  will  not  fail  of  reaping  that  benefit  from, 
it  which  he  may  expect,  or  wifh  for,  to  fatisfy  his  curiofity  in  a 
fubjeftof  this  nature.     The  Author,  in  treating  on  numbers,  has 
done  it  with  fo  much  perfpicuity  and  ringular  addrefs,  that  I  am, 
convinced  the  ftudy  thereof  will  become  more  apleafure  than  a  talk. 
The  arrangement  of  the  work,  and  the  method  by  which  he 
leads  the  tyro  into  the  firft  principles  of  numbers,  are  novelties  I 
have  not  met  with  in  any  book  I  have  feen.     Wingate,  Ilatton, 
Ward,  Hill,  and  many  other  Authors,  whofe  names  might  be  ad 
duced,  if  neceffary,  have  claimed  a  considerable  (hare  of  merit  ; 
but  when   brought  into  a  comparative  point  of  veiw  with  this 
treatife,  they  are  inadequate  and  defective.     This  volume  con 
tains,  befides  what  is  ufeful  and  neceflary  in  the  common  aiTairp 
of  life,  a  great  fund  for  amufement  and  entertainment.     The  Me 
chanic  will  find  in  it  much  more  than  he  may  have  occasion  for  ; 
the   Lawyer,    Merchant    and  Mathematician   will  find  an  am 
ple  field  for  the  exercife  of  their  genius  ;  and  I  am  well  afiured 
k  may  be  read  to  great  advantage  by  fludents  of  every  clafs,  from 
the  loweft  School  to  the  Univerfity.     More  than  this  need  not  be 
laid  by  me,  and  to  have  faid  lefs,  would  be  keeping  back  a  trib 
ute  juflly  due  to  the  merit  of  this  Work. 

BENJAMIN  WEST, 
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Univtrjtty  in  Cambridge,  A.  D.  17 §$. 

HAVING,  by  the  defire  of  Nicolas  Pike,  Efq.  infpefted  the 
following  volume  in  manufcript,  we  beg  leave  to  acquaint 
the  public,  that  in  our  opinion  it  is  a  work  well  executed,  and 
contains  a  complete  fyftem  of  Arithmetic.  The  rules  are  plain, 
and  the  demonstrations  perfpicuous  and  fatisfa£tory  ;  and  we  ef- 
teem  it  the  bed  calculated,  of  any  fingle  piece  we  have  met  with, 
to  lead  youth,  by  natural  and  eafy  gradations,  into  a  methodical 
and  thorough  acquaintance  with  the  fcience  of  figures.  Perfons 
of  all  defcriptions  may  find  in  it  every  thing,  refpeciing  numbers, 
neceffary  to  their  bufmefs  ;  and  not  only  fo,  but  if  they  have  a 
fpeculative  turn  and  mathematical  tafte,  may  meet  with  much 
for  their  entertainment  at  a  leifure  hour. 

We  are  happy  to  fee  fo  ufeful  an  American  prcdu&ion,  which, 
if  it  fhould  meet  with  the  encouragement  it  dcierves,  among  the 
inhabitants  of  the  United  States,  will  fave  much  money  in  the 
country,  which  would  ottierwife  be  fent  to  Europe,  for  publi 
cations  of  this  kind. 

We  heartily  recommend  it  to  fchools,  and  to  the  community 
at  large,  and  wifh  that  the  indufhy  and  fkill  of  the  Author  may 
be  rewarded,  for  fo  beneficial  a  work,  by  meeting  with  the  gen 
eral  approbation  and  encouragement  of  the  public. 

JOSEPH  W1LLARD,  D.  D.  Prefidentof  the  Univerfity. 

E.  W1GGLESWORTH,  S.  T.  P.  Hollis. 

S.  WILLIAMS,  L,  L.  D.  Math,  et  Phil.  Nat  Prof.  Hollis. 


Yale  College,  1786. 

UPON  examining  Mr.  Pike's  Syflem  of  Arithmetic  and  Ge 
ometry  in  manufcript,  I  find  it  to  be  a  work  of  fuch  math 
ematical  ingenuity,  that  1  efteem  myfelf  honored  in  joining  with 
the  Rev.  Prcftdent  Willard,  and  other  learned  gentlemen,  in 
lecommending  it  to  the  public  as  a  production  of  genius,  intcr- 
fperfed  with  originality  in  this  part  of  learning,  and  ss  a  book 
fui table  to  be  taught  m  fchools — of  utility  to  the  merchant,  and 
well  adapted  even  for  the  univerfity  inftruclicn.  1  eonftder  it 
of  fuch  merit,  as  that  it  will  probably  gain  a  very  general  recep 
tion  and  ufe  throughout  the  republic  of  leiu 

EZRA  STiLES,  Prefidcnt. 


FROM  the  known  character  of  the  Gentlemen  who  have  rec 
ommended  Mr/Pike's  Syftem  of  Arithmetic,  there  can  be  no 
room  to  doubt,   that  it   is  a  valuable  performance  ;  and  wiii  be, 
if  published,  a  very  ufeful  one*     1  therefore  wiih  l-im  lutcefs  in 
its  publication.  JAMKS  liOWDOlN. 


R 


To  THE  FIRST    EDITION. 

IT  may,  perhaps,  by  fome,  be  thought  needlefsg 
when  Authors  are  fo  multiplied,  to  attempt  publilhing 
any  tjiing  further  on  Arithmetic,  as  it  may  be  imagin 
ed  there  can  be  nothing  more  than  the  repetition  of  a 
fubjecl:  already  exhaufted.  It  is  however  the  opinion 
of  not  a  few,  who  are  confpicuous  for  their  knowledge, 
in  the  Mathematics,  that  the  books,  now  in  ufe  among 
us,  are  generally  deficient  in  the  illuflration  and  appli 
cation  of  the  rules  ;  of  the  truth  of  which,  the  general 
complaint  among  Schoolmafters  is  a  ftrong  confirma 
tion.  And  not  only  fo,  but  as  the  United  States  are 
now  an  independent  nation,  it  was  judged  that  a  Syf- 
tem  might  be  calculated  morefuitable  to  our  meridian, 
than  thofe  heretofore  publifhed. 

Although  I  had  fufficient  reafon  to  diftruft  my  abili 
ties  for  fo  arduous  a  talk,  yet  not  knowing  any  one 
who  would  take  upon  himfelf  the  trouble,  and  appre 
hending  I  could  not  render  the  public  more  effential  fer- 
vice,  than  by  an  attempt  to  remove  the  difficulties  com 
plained  of,  with  diffidence  I  devoted  myfelf  to  the  work. 

I  have  availed  myfelf  of  the  beft  Authors  which  could 
be  obtained,  but  have  followed  none  particularly,  ex 
cept  Bonny'caftle's  Method  cf  Demonftration. 

Although  I  have  arranged  the  Work  in  fuch  order 
as  appeared  to  rne  the  moll  .regular  and  natural,  the  ftu- 
dent  is  not  obliged  .  ,  but 
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may  pafs  from  one  Rule  to  another,  as  his  inclination, 
or  opportunity  for  fludy,  may  require. 

The  Federal  Coin,  being  purely  decimal,  mod  natur 
ally  falls  in  after  Decimal  Fradions. 

I  have  given  fcveral  methods  of  extracting  the  Cube 
Root,  and  am  indebted  to  a  learned  friend,  who  declines 
having  his  name  made  public,  for  the  inveftigation  of 
two  very  concife  Algebraic  Theorems  for  the  extraction 
of  all  Roots,  and  of  a  particular  ^Theorem  for  the  Surfolid. 

Among  the  Mifcellaneous  Queflions,  I  have  given 
fome  of  a  philofophical  nature,  as  well  with  a  view  to  in- 
fpire  the  pupil  with  a  relifli  for  philofophical  fludies,  as 
to-theufefuinefs  of  them  in  the  common  bufmeffes  of  life. 

The  fhort  introduclion  to  Algebra,  which  is  fubjoin- 
ed,  was  abftracied  principally  from  Bonnycaflle,  and 
that  of  Conic  Sections,  from  Emerfon's  Works. 

JBeing  fenfiblc  the  following  Treatife  will  ftand  or 
fall,  according  to  its  real  tnerit  or  demerit,  I  fubmit  it 
to  the  judgment  of  the  candid. 

With  pleafurel  embrace  this  opportunity,  to  exprefs 
my  gratitude  to  thofe  learned  Gentlemen,  who  have 
honored  this  Treatife  with  their  approbation,  as  well  as 
to  fuch  Gentlemen  as  have  encouraged  it  by  their  fub- 
fcriptions  ;  and  to  requeft  the  deader  to  excufe  any  er 
rors  he  may  meet  with  ;  for  although  great  pains  have 
been  taken  in  correcting,  yet  it  is  difficult  to  prevent  er 
rors  from  creeping  into  the  prefs,  and  fome  may  have 
efcaped  my  own  obfervation  ;  in  either  cafe,  a  hint 
from  the  candid  will  much  oblige  their 
Moil  obedient. 

And  humble  Servant, 

THE  AUTHOR, 


R      E      F      AC      E 
To  THIS  EDITION. 


demand  for  the  former  Edition  of  Mr. 
PIKE'S  New  and  Complete  Syftem  of  Arithme 
tic,  has  induced  the  Proprietor  of  that  work  to  re- 
publijh  it. 

The  numerous  Recommendations,,  by  characters  cel 

ebrated  for  their  knowledge  tif  the  Mathematics  >  pre- 

jixed  to  this  and  the  former  Edition  5  and  its  intro- 

duffiion  as  a  ClaJJic  into  federal  of  our  Universities  * 

fpeak  its  eulogy  ;    and  the  estimation  in  which  it  is 

now  held  is  fuperior  to  any  publication  of  the  kind 

extant. 

Explanatory  of  Decimal  ^mculation  in  the  Fed 
eral  Currency^  the  Rules  'which  are  adduced  under  this 
head.,  Jlamp  an  additional  'value  on  this  Edition. 
Dollars  and  Cents  are  coming  gradually  into  ufe  ;  but 
pounds,  Jhillings  and  pence  'will  continue  to  be  in  prac 
tice  ^  and  be  the  bafis  of  many  Arithmetical  Quejtiom, 
both  in  the  United  States  and  elfewbere. 

Much  attention  has  been  given  to  the  Revijion 
and  Cor  re  51  ion  of  this  valuable  work,  at  the  requeji 
of  the  Proprietor,  and  recommendation  of  the  Author, 
by  the  ingenious  Mr.  Ebenezer  Adams,  Preceptor  of 
Leicejler  Academy  -,  aml>  as  far  as  his  other  engage 

ments 
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ments  would  permit,  the  Author  himfelf  has  aided  In 
making  the  work  as  perfect  as  pojjible,  and  in  the  de- 
teffion  of  many  errors  which  efcaped  notice  in  the  for 
mer,  and  which  are  corrected  in  this,  edition,  now 
prefented  to  the  public. 

With  refpeffi,  the  Public's  moft  obedient  and  bum- 
ble  ferroant, 

ISAIAH  THOMAS. 

Worcefter,  February,  1797. 
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EXPLANATION 


EXPLANATION  of  the  CHARACTERS  mad*  Ufe 
of  in  this  TRZATISE. 


N. 

{ 


or  6)30( 

875 
25 


f>~T"VHE    fign  of  equality  :  As,  12  pence  —  i 
(hilling,  fignifies  that   1 2  pence  are  equal 
to  i  {hilling  ;  and,  in  general,  that  whatever  pre 
cedes  it  is  equal  to  what  follows. 

The  fign  of  addition  :  As  5.4-5  ~  to,  that  is,' 
5  added  to  5  is  equal  to  10.  Read  5  plus  5,  or 

5  more  5  equal  to  lO. 

The  fign  of  fubtraftion  :  As,  12—4  —  8,  that 
is,  12  leffened  by  4  is  equal  to  8,  or  4  from  12 
and  8  remains.  Read  12  minus  4,  or  \^  lefs  4 
equal  to  8. 

The  fign  of  multiplication  :  As  §X5  ~  3°» 
that  is,  6  multiplied  by  5  is  equal  to  30.  Read 

6  into  5  equal  to  30. 

f  The  fign  of  divifion  :  As,  30  -r-  5  ZZ  6,  that  is,  30 
\  divided  by  5  is  equal  to  6.  Read  30  by  5  equal  to  6» 
Numbers  placed  fraction  wife,  do  likewife  de 
note  divifion,  the  numerator  or  upper  number 
being  the  dividend,  and  the  denominator  or  low 
er  number,  the  divifor,  thus,  -2-  is  the  fame  as 


{ 

r. 


875—25  =  35- 

The  fign  of  proportion,  thus,  2  :  4  : :  8  :  16*,,' 
that  is,  As  2  is  to  4  fo  is  8  to  16. 

•       Shews  that  the  difference  between  2  and  9  add 
ed  to  6  is  equal  to  13.     Read  9  minus  2  plus  6 
-—  IQ<(  equal  to  13.  And  that  the  line  atop  (called  a  Vin- 
\  culumj  connects  all  the  numbers  over  which  it  is 
[_drawn. 

—r-- f      Signifies  that  the  fum  of  3  and  5  taken  frora 

•3-r5  —  4  ^  |2  leaves  or  is  equal  to  4. 

Signifies  the  /econd  power,  or  fquare. 

Signifies  the  third  power,  or  cube. 

r  Signifies  any  power  in  general,  as  6j  • —  fquar« 
\  of  6  ;  and  5<D| 3  n:  cube  of  50,  &c.  thus  m  fignifies 
I  either  the  fquare  or  cube,  ©r  any  other  power. 

V? 


| 
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1 6  EXPLANATION  CF  CHARACTERS, 

Prefixed  to  any  number  or  quantity,  fignmeiSl 
I  that  the  fquare  root  of  that  number  is  required* 
J  it  like  wife  (as  alfo  the  character  for  any  other 
S  root)  ftands  for  theexpreflion  of  the  root  of  that 
I  number  or  quantity  to  which  it  is  prefixed*  As 
*-  1/36  —  6,  and  ^  \ 084.36  —  12,  or  3fc|2^^:6,  &ct 
f  Prefixed  to  any  number,  fignifies  that  the  cube 
j  rootpf  that  number  is  required,  or  expreiTed. 

"l  As  ^1  216  rz  6,  and  -v/5l3~f~21^  —  9>  ££c.-~ -or 

f     Signifies  any  root  in  general.    As  36  J5rr  fquare 
J  root,  2i6JT  —  cube  root,  &c.     Thus,  —fignifies 

I  either  the  fquare  root,   cube  root,  or  any  other 
Lroot  whatever,  f 

(~  When  feveral  letters  are  fet  together,  they  are 
j  fuppofed  to  be  multiplied  into  each  other  ;  as 
£  cd  <J  thole  in  the  margin  are  the  fame  as  ^X^X^X^ 
j  and  reprefent  the  continual  product  of  quantities 
[_or  numbers. 

~  Is  the  reciprocal  of  a,  and  ~  is  the   reciprocal 

of  — . 
a 

If  a  be  the  root,  then  ay.  a  —  aa  or  a9  is  the 
fquare  of  a,  and  aXaX.a  —  aaa  °r  o3  is  the  cube 
of  a,  &c. 

Note,  The  figure  atop  is  called  the  index  of  the 
power. 

It  is  ufual  to  write  {hillings  at  the  left  hand  of 
a  llroke,  arid  pence  at  the  right  ;  thus,  13/4  is 
thirteen  (hillings  and  four  pence. 

Notr,  The  ufe  of  thefe  characters  muft  be  per 
fectly  underftood  by  the  pupil,  as  he  may  have 
occaiion  for  them. 


NEW     AND      COMPLETE 

SYSTEM  OF  ARITHMETICS 


R1THMETICK  is  the  Art  or  Science  of 
computing  by  numbers,  and  confifls  both  in 
Theory  andPradice. — The  Theory  confid- 
ers  the  nature  and  quality  of  numbers,  and 
demonftrates  the  reafon  of  practical  opera 
tions. — The  Practice  is,  that  which  fhcws 
the  method  of  Working  by  numbers,  fo  as  to 
be  moft  ufeful  and  expeditious  for  bufineis, 
and  is  comprifed  under  five  principal  or 

fundamental  Rules,  viz.  NOTATION  or  NUMERATION,  ADDI 
TION,  SUBTRACTION,  MULTIPLICATION,  and  DIVISION  ;  the 
knowledge  of  which  is  fo  neceflary,  that,  fcarcely  any  thing  in 
life,  and  nothing  in  trade,  can  be  done  without  it. 

NUMERATION 

Teaches  the  different  value  of  figures  by  their  different  plac?st 
and  to  read  or  write  any  fum  or  number  by  thefe  ten  characlers, 
°»  *>  2»  3>  4i  5>  65  7?  8,  9.— o  is  called  a  cypher,  and  all  the  reft 
are  called  figures  or  digits.  The  names  ani  fignifications  of  thpfe 
characters,  and  the  origin  or  generation  of  the  numbers  they  (land 
for,  are  as  follow  ;  o  nothing  ;  1  one,  or  a  fingle  thing  called  an 
unit  ;  i-f-i— 2,  two  ;  2  +  1—3,  three  ;  34-1—4,  four  ;  4+izr.5, 
five  ;  5-f-i:n6,  fix  ;  6-f-i~7,  feven  ;  7-f-izr8,  eight ;  84-i~9> 
nine  ;  g-j-izzio,  ten,  which  has  no  fingle  character  ;  and  thus, 
by  tke  continual  addition  of  one,  all  numbers  are  generated. 

2.  Befide  the  fimple  value  of  figures,  as  above  noted,  they  have, 
each,  a  local  value,  according  to  the  following  law  ;  viz.  In  a 
combination  of  figures,  reckoning  from  right  to  left,  the  figure, 
in  the  firft  place,  reprcfents  its  primitive  fimple  value  ;  that  in. 

C  the 
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the  fecond  place,  ten  times  its  fimple  value,  and  fo  on  ;  the  value 
of  the  figure,  in  each  fucceeding  place,  being  ten  times  the  val 
ue  of  it,  in  that  immediately  preceding  it. 

3.  The  values  of  the  places  are  eftimated  according  to  their 
order  :  The  firft  is  denominated  the  place  pf  units  ;  the  fecond, 
tens  ;  the  third,  hundreds,  and  fo  on,  as  in  the  table.     Thus  in 
the  number  —  5293467  :  7,  in  the  firft  place,  fignifies  only  feven  ; 
6,  in  the  fecond  place,  fignifies  6  tens,  or  fixty  ;  4,  in  the  third 
place,  four  hundred  ;  3,  in  thefourth  place,  thro*  thoufand  ;  9, 
in  the  fifth  place,  ninety  thoufand  ;  2,  in  the  fixth  place,  two 
hundred  thoufand  ;  5,  in  the  feventh  place,  is  five  millions  ;  and 
the  whole,  taken  together,  is  read  thus  ;  five  millions,  two  hun 
dred  and  ninety  three  thoufand,  four  hundred  and  fixty  feven. 

4.  A  cypher,  though  it  is  of  no  fignificatiorr,  itfelf,  yet,  it  pof>- 
fefles  a  place,  arid,  when   fet  on  the    right    hand  of  figures,    in 
whole  numbers,  increafes  their  value  in  the  fame  tenfold  propor 
tion  ;  thus,  9  fignifies  only  nine  :  but,  if  a  cypher  is  placed  on 
its  right  hand,  thus,  90,  it  then  becomes  ninety  ;  and,  if  two  cy 
phers  be  placed  on  its  right,  thus,  900,  it  is  nine  hundred  ;  &c. 

To  enumerate  any  parcel  of  figures,  obferve  the  following  Rule. 

Firft,  commit  the  words  at  the  head  of  the  Table,  viz.  units, 
tens,  hundreds,  &c.  to  memory  ;.  then,  to  the  fimple  value  of 
each  figure,  join  the  name  of  its  placej  beginning  at  the  left  hand, 
and  reading  towards  the  right.  —  More  particularly  —  i.  Place  a  dot 
under  the  right  hand  figure  of  the  2d,  4th,  6th,  9th,  &c.  half  pe 
riods,  and  the  figure  over  fuch  dot  will,  univerfally,  have  the 
name  of  thoufands.—  2.  Place  the  figures  i,  2,3,4,  &c-  as  indices, 
over  the  ad,  3d,  4th,  &c.  period  :  Thefe  indices  will  tken  fhew 
the  number  of  times  the  millions  are  involved  —  the  figure  under 
i,  bearing  the  name  of  millions,  that  under  2,  the  name  of  bill 
ions  (or  millions  of  millions)  that  under  3,  trillions  (or  millions 
of  millions  of  millions.) 
* 

E    >X     A     M    F    L     E. 

Scxtillions.  Ouintilli.  Quatrill.    Trillions.   Billions.    Millions.      Units. 
th.     un.      th.     ua.     th.     un.     th.     un.    th.     un.      th.     un.  c.x.t.c.x.iu 


NOTE  i.  Billions  is  fubflituted  for  millions  of  millions  :  Trill 
ons,  for  milliops  of  millio*is  of  millions  :  Quatrillions,  for  mill 
ions  <  ;-.s  of  millions  of  millions, 
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Quintillions,  Sextillions,  Septillions,  Oftillions,  Nonillions, 
Decillions,  Undecillions,  Duodecillions,  &c.  anfwer  to  millions 
fo  often  involved  as  their  indices  refpeftively  denote. 

NOTE  2.  The  right  hand  figure  of  each  half  period  has  the 
place  of  units  of  that  half  period  ;  the  middle  one,  that  of  tens, 
and  the  left  hand  one,  that  of  hundreds. 

Th:     APPI.   i  c  A  T   i   ©   N, 


Write  down,  in  proper  Jigurcs,  the  following  numbers, 

I 

Fifteen.  . 

Two  hundred  and  feventy  nine. 
Three  thoufand,  four  hundred  and  three. 
Thirty  feven  thoufand,  five  hundred  and  fixty  feven. 
Four  hundred,  one  thoufand  and  twenty  eight. 
Nine  millions,  feventy  two  thoufand  and  two  hundred. 
Fifty  five  millions,  three  hundred,  nine  thoufand  and  nine. 
'Eight  hundred  millions,  forty  four  thoufand,  and  fifty  five. 
Two  thoufand,  five  hundred  and  forty  three  millions,  four  hun 
dred  and  thirty  one  thoufand,  feven  hundred  and  two. 

Write  down,  in  words  at  length,  the  following  numbers. 


129 


437 

3010 

76506 


7090.^0 

879066 

4091875 


3476194 

84094007 
690748591 


7584397647 

49163189180 

500098400700 


Notation  by  Roman  Letters. 


I.  One. 

II.  Two. 

III.  Three. 

IV.  Four. 

V.  Five. 

VI.  Six. 

VII.  Seven. 

VIII.  Eight. 

IX.  Nine. 

X.  Ten. 

XI.  Eleven. 

XII.  Twelve. 

XIII.  Thirteen. 

XIV.  Fourteen. 


XV.  Fifteen. 

XVI.  Sixteen. 

XVII.  Seventeen, 

XVIII.  Eighteen, 

XIX.  Nineteen. 

XX.  Twenty. 
XXX.  Thirty. 
XL.  Forty. 

L.  Fifty. 
LX.  Sixty. 
LXX.  Seventy, 
LXXX.  Eighty. 
XC.  Ninety. 
C.  Hundred. 


CC.  Two  hundred. 
CCC.  Three  hundred. 
CCCC.  Four  hundred. 
D  or  I^.  Five  hundred. 
DC.  Six  hundred. 
DCC.  Seven  hundred, 
DCCC.  Eight  hundred. 
DCCCC.  Nine  hundred. 
M  or  CI^.  One  Thoufand, 
J  3CV  Five  thoufand. 
IDOO*  I'i^y  thoufand. 
I  ^'^  1 3 '-)'-).  Five  hund.tho« 
MDCCXCVI.   One   thouf. 
feven  hund.  and  ninety  fix. 


A  lets  literal  number,  placed  after  a  greater,  always  augments 
the  value  of  the  greater  ;  if  put  before,  it  diminishes  it.  Thus, 
VI  is  6;  IV  is  4;  XI  is  iij  IX*89,  &c. 

ADDITION 


20  SIMPLE    ADDITION. 

A  fD     D     I    T    I     O     N 

Is  the  putting  together  of  two  or  more  numbers,  or  fum?,  to 
make  them  one  total,  or  whole  fum. 

S  I  M  P  L  £     A  D  D  1  T  I  O  N 

Is  the  adding  of  feveral  integers  or  whole  numbers  together, 
which  are  all  of  one  kind,  or  fort  ;  as  j  pounds,  12  pounds,  and 
20  pounds,  being  added  together,  their  aggregate,  or  fum  total,  is 
39  pounds. 

RULE. 

Having  placed  units  under  units,  tens  under  tens,  &c.  draw  a 
line  underneath,  and  begin  with  the  units  :  After  adding  up  ev 
ery  figure  in  that  column,  confider  how  many  tens  are  contained 
in  their  fum,  and,  placing  the  excefs  under  the  units,  cany  fo 
many,  as  you  have  tens,  to  the  next  column,  of  tens  :  Proceed 
in  the  fame  mariner  through  eveiy  column,  or  row,  and  fet  down 
the  whole  amount  of  the  iaft  row.* 

PROOF.  Begin  at  the  top  of  the  fum,  and  reckon  the  figures 
downwards,  in  the  fame  manner  as  they  were  added  upwards, 
and,  if  it  be  right,  this  aggregate  will  be  equal  to  the  nrft.  Or, 
cut  off  the  upper  line  of  figures,  and  find  the  amount  of  the  reft  ; 
then,  if  the  amount  and  upper  line,  when  added,  be  equal  to  the 
fain  total,  the  work  is  fuppofed  to  be  right. 

ADDITION 

*  This  Rule,  as  well  as  the  method  of  Proof,  is  founded  on  the  known  Axiom, 
4<  The  whole  is  equal  to  the  fum  of  all  its  parts,"  The  method  of  placing  the  num 
bers.  and  carrying  for  the  lens,  is  evident  from  the  nature  of  notation  ;  for  any  oth 
er  difpofuion  of  the  numbers  would  alter  their  value  ;  and  carrying  one,  .for  every 
ten,  from  an  inferior  10  a  iupcrior  column,  is,  evidently,  right,  becaufe  o'nc  unit 
in  i  he  latter  cafe  is  equal  to  the  value  of  ten  units  in  the  former. 

Befide  the  method  of  proof,  here  given,  there  u  another,  by  cafting  out  the  nines  ; 
thus  : 

i  .  Add  the  figures  in  the  upper  row  together,  and  find  how  many  nines  are  con 
tained  m  their  ium. 

?.  Rejcft  the  nines,  and  fet  down  the  remainder,  direftly  even  with  the  figures, 
ia  i  he  row. 

3.  Do  the  fame  with  each  of  the  given  numbers,  and  fet  all  the  excefles  of  nines 
in  a  column,  and  find  their  fum  ;  then,  if  the  excefs  of  nines  in  this  fum,  found  as 
before,  is  equal  to  the  excels  of  nine*  in  the  Ium  total  ;  the  queftioo  is  fuppofed  to 
be  ngni. 

t  X  AM  P  L  E  . 


5738 
9*56 
8471 


This  method   depends  upon  a  property  of  the  number  g, 
which,  except  3,  belongs  to  no  other  digit  whatever  ;  viz.  that 
any  number,  divided  by  9,  will  leave  the   fame  remainder,  as 
.5°- M     ^  5  f   the  fum  of  its  figures,  or  digits,  divided  by  9  :  Which  may  be 

."77"      "  ~7~  \    trius  demonftrated. 
sftoog      x  6    I  !•      r 

W  — 9        Dtmonjlration*  Let  there  be  any  number,  as  543*  ;  this,  fep- 

arated  into  its  feveral  parts,  becomes  5000+400+30+2  5  but  5000— 5XIOOC~5X 
999+' —5X^99+5-  In  like  manner  4 cc= 1X99+4,  and  3C==3 X 9+3-  _Jhere- 
t,;te;;  5432^=oX999+5,  +4X99+4^  +3X9+3+2:=::6X999+4X99+3X9+5+ 
A  •  oj.,  And  5432-5X099+4X99+3X9+5+4+3+^  i  but  5X999+4X99 
99  +3 
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ADDITION  and  SUBTRACTION    TABLE* 

When  you  would  add 
two  numbers,  look  one  of 
them  in  the  left  hand  col 
umn,  and  the  other  atop, 
and  in  the  common  angle 
of  meeting,  or,  at  the  right 
hand  of  the  fir  ft,  and  un 
der  the  fecond,  you  will 
find  the  fum — as,  5  and  8 
is  13. 

When  you  would  fub- 
tracl  :  Find  the  number 

4 ,   to  be  fubtrafted  in  the  left 

hand  column,  run  your  eye  along  to  the  right  hand  till  you  find 
the  number  from  which  it  is  taken,  and  right  over  it,  atop,  you 
will  find  the  difference—as,  8,  taken  from  13,  leaves  5. 


«l  3M  5|  b|  7l  81  9l*o|"H 


1. 

£• 

2. 
ft 

3- 

Cwt. 

4- 
Miles. 

Yards. 

0. 

1 

12 

123 

1234 

1  2345 

98?65-132i 

2 

34 

456 

5678 

67890 

123456789 

3 

5° 

789 

9098 

09765 

23456789l 

4 

78 

12 

7654 

43210 

345678910 

5 

9° 

345 

3210 

12345 

456789:23 

6 

i 

678 

69 

67890 

567879287 

7 

23 

901 

47'3 

74100 

678900028 

8 

45 

234 

131 

64786 

789400690 

9 

67 

9128 

19876 

548769138 

• 

7. 

8. 

9' 

10. 

1234567 
2345678 

1234567 
723456 

123 

1234567 
9876543 

3456789 

3456s 

4567 

2102865 

4567890 

4565  . 

89093 

4321234 

5678209 

333 

654321 

5682098 

^789098 

9° 

1234567 

6543218 

SUBTRACTION 

+3X9  "  divifible  by  9 ;  therefore.  5432,  divided  by  g,will  leave  the  fame  remainder  as 
5-f-4-f-34-2,divided  byg;  and  the  fame  will  hold  good  of  any  othernutrxber  whatever. 
The  fame  property  belongs  to  the  number  3  :  However,  this  inconveniency  at 
tends  this  method,  that,  although  the  work  will  always  prove  right,  when  it  is  fo  ; 
it  will  not,  always,  be  right,  when  it  proves  fo  ;  I  have,  therefore,  given  thisdem- 
onftration  woie  far  the  fake  of  the  cui;.ou>,  than  for  any  real  advantage. 


22          SIMPLE     SUBTRACTION, 

SUBTRACTION 

Teaches  to  take  a  lefs  number  from  a  greater,  to  find  a  third, 
Chewing  the  inequality,  excefs  or  difference  between  the  given 
numbeis  ;  and  it  is  both  fimple  and  compound. 

SIMPLE     SUBTRACTION 

Teaches  to  find  the  difference  between  any  two  numbers, 
\vhich  are  of  a  like  kind. 

Phce  the  larger  number  uppermoll,  and  the  lefs  underneath, 
fo  that  units  may  (land  under  units,  tens  under  tens,  &c.  then, 
drawing  a  line  underneath,  begin  with  the  units,  and  fubtra£t 
the  lower  from  the  upper  figure,  and  fet  down  the  remainder  ; 
but  if  the  lower  figure  be  greater  than  the  upper,  borrow  ten, 
and  fubtraft  the  lower  figure  therefrom  :  To  this  difference,  add 
the  upper  figure,  which,  being  fet  down,  you  muft  add  one  to 
the  ten's  place  of  the  lower  line,  for  that  which  you  borrowed  ; 
and  thus  proceed  through  the  whole.* 

P      R     o     o      r. 

In  either  fimple  or  compound  Subtra6tion,  add  the  remainder 
and  the  lefs  line  together,  whofe  fum,  if  the  work  be  right,  will 
be  equal  to  the  greater  line  :  Or,  fubtraft  the  remainder  from 
the  greater  line,  and  the  difference  will  be  equal  to  the  lefs. 

EXAMPLES. 

i.  2.  3.  4.  5.  6. 

£,  £.  Miles.  Yards.  Feet.  Cwt. 

From  25         305         4670        5^934         879647         9187641 
Take  12          103         4020  6182          164348  91843 

Rem. 

Pi  oof. 

7.  y.     9. 

100200300400500600700800900    10000    locooeo 
98076054032011023045067089     9999        * 


MULTIPLICATION 

*  Dem.  When  all  the  figures  of  the  lefs  number  are  lefs  than  their  correfpondent 
figures  in  the  greater,  the  difference  of  the  figures,  in  the  feveial  like  places,  muft, 
all  taken  together,  make  th,e  true  difference  fought  ;  brcaufc,  as  the  fum  of  the 
pa\t»  is  equal  to  the  whole  ;  fo  muft  the  fum  of  the  differences,  of  all  the  fimilar 
parts,  be  equal  to  the  difference  of  the  wh')le. 

3.  When  any  figure  in  the  greateft  .number  is  lefs  than  its  correfpondent  figure 
in  the  lefs,  the  ten,  which  is  added  by  the  Rule,  is  the  value  of  an  unit  in  the 
ntxt  higher  place,  by  the  nature  of  notation  ;  and  the  one  which  is  added  to  the 
next  place  of  the  lefs  number,  is  LO  dltnioifh  the  correfpondent  place  { of 

tU 
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MULTIPLICATION 

May  be  accounted  the  moft  ferviceable  Rule  in  Arithmetick, 
It  teaches  how  to  increafe  the  greater  of  two  numbers  given,  a* 
often  as  there  are  units  in  the  lefs  ;  performs  the  work  of  ma 
ny  additions  in  the  mofl  cbmpendious  manner  ;  brings  numbers 
of  great  denominations  into  fmall,  as  pounds  into  Ihillings,  pence 
or  farthings,  &c.  and,  by  knowing  the  value  of  one  thing,  we 
find  the  value  of  many. 

It  confifts  of  three  parts. 

1.  The  Multiplicand,  or  number  -given  to  be  multiplied,  and, 
commonly,  the  largeft  number. 

2.  The  multiplier,  or  number  to  multiply  by,  commonly,  the 
leaft  number. 

3.  The  Product  is  the  refult  of  the  work,  or  the  anfwer  to  the 
queftion. 

SIMPLE    MULTIPLICATION 

Is  the  multiplying  any  two  numbers  together,  without  having 
regard  to  their  fignification  ;  as  7  times  8  is  56,  &c. 

MULTIPLICATION   and  DIVISION    TABLE, 


!  * 

2 

1  3 

4 

5 

6 

7 

8|  9)  ic|  n]  12 

2 

4 

6 

8 

to 

12 

M 

16  1  18)  2o|  22}  24 

3 

6 

9 

19. 

J5 

l8 

21 

24  1  27)  ^o|  33!  36 

4 

8 

12 

ib 

20 

24 

28 

32)  3bi  4°|  44|  4# 

5 

10 

*5 

20 

25 

30 

35 

40  1  45l  5°i  55|  ^o 

6 

12 

18 

24 

30 

3° 

42 

48  j  ,54)  bo|  t)bj  72 

7 

14 

21 

a8 

35 

42 

4Q 

56}  h3|  7o|  77!  84 

8 

l6 

24 

3  2 

4° 

48 

I  5° 

64  1  72|  8o|  88|  96 

9 

18 

27 

36 

45 

54 

*>* 

72  1  81  j  90!  99ho8 

10 

2O 

3° 

40 

5° 

60 

I  7° 

8oj  oo|ioojno|i20 

ii 

22 

33 

44 

55 

66 

111 

88|  99]uo|i2i|i;^. 

12 

24 

g 

48 

|6o 

72 

|84 

96)108)  120)132(144 

To  learn  this  T  able.  ^  for  Multiplication  :  Find  your  multiplier  ia 
the  left  hand  column,  and  your  multiplicand  atop,  and  io  the 
common  angle  of  meeting,  or  againft  your  multiplier,  along  at 

the 

the  greater,  accordingly  ;  which  is  cnly  taking  from  one  placr,  and  adding  as  imich 
to  another,  \vhereby  the  total  is  never  changed  :  And,  by  this  nieau.  the  greater  is 
refolved  into  fuch  parts,  as  are,  each,  greater  than,  or  equal  to,  the  (imilar  parts  of 
the  lefs  ;  and  the  difference  of  the  correfpondeut  figures,  taken  together,  will,  evi 
dently,  make  up  the  difference  of  the  whole. 

The  truth  of  the  method  of  proof  is  evident  j  for  the  difference  of  two  aumbers, 
added  to  the  kfs,  is,  maniftiUv,  enual  tc  the  greater. 


»4          SIMPLE    MULTIPLICATION. 

the  right  hand,  and  under  your  multiplicand,  you  will  find  the 
producl,  or  anfwer. 

To  learn  it,  for  Dimfion  :  Find  the  divifor  in  the  left  hand  col 
umn,  and  run  your  eye  along  the  row  to  the  right  hand  until 
you  find  the  dividend ;  then,  direftly  over  the  dividend,  atop,  you 
will  find  the  quotient,  fhewing  how  often  the  divifor  is  contain 
ed  in  the  dividend. 

CASE      I. 

When  the  multiplier  is  not  more  than  12,  always  placing  the 
greater!  number  uppermoft,  fet  the  multiplier  underneath,  units 
under  units,  &c.  and  begin  as  the  Table  directs,  fetting  down 
the  unit  figure  under  units,  and  carrying  the  tens  to  the  next 
place,  in  all  refpeftsas  in  fimple  addition.* 

PROOF. 

Multiply  the  multiplier  by  the  multiplicand, 
EXAMPLES. 

«.  2.  3.  4. 

37934      769308      4980076       763896 

2  3  4       5 

?rod~ 

3918295 


9.  10.  ii. 

4879567       5864734       8583478649 

10  II  13 


CASE   II. 

When  the  multiplier  confifts  of  more  places  than  one,  multiply 
each  figure  in  the  multiplicand  by  every  figure  in  the  multiplier,  be 
ginning  with  the  units,  and  placing  the  firft.  figure  of  each  product 
exactly  under  its  multiplier :  Laflly,add  thefe  feveral  products  toge 
ther, 

*  Deal.  IVhen  the  multiplier  is  a  fingle  digit,  it  is  plain  that  we  find  the  Produft  ; 
for,  by  multiplying  every  figure,  that  is,  every  part  of  the  multiplicand,  we  malti- 
j.lythe  whole  ;  and,  the  writing  down  the  producls,  which  are  lefs  than  ten,  or  the 
cxoe&  of  tens,  in  the  places  of  the  figures  multiplied,  and  carrying  the  number  of  tens, 
.to  the  product  of  the  next  place,  is  only  gathering  together  the  fimilar  parts  of  the  re- 
ipcciive  produces,  and  is,  therefore,  the  fame,  in  eftcft,  as  though  we  wrote  down  the 
multiplicand  as  often  as  the  multiplier  ejcprtlTes,  and  adclfd  them  together  :  for 
the  fum  of  every  column  is  the  produft  of  the  figures  in  the  place  of  that  column  ; 
;..-,d  the  products, c-ollefted  together,are  evidently  equal  to  the  whole  required  produfta 
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ther,  in  the  fame  order  as  they  ftand,  and  their  fum  will  be  their 

total  produft.* 

EXAMPLES. 

1.  2.  3. 

6357534            8324629            46293845 
47  59  7<> 

44502738 
25430*36 


Prod.         298804098 


4- 

647906 

4873 

5- 
760483 

9152 

6. 
91867584. 


3*57*45938          69599404*6  631589640000 

CASE 

*  If  the  multiplier  be  a  number,  made  up  of  more  than  one  figure  ;  after  -we 
have  found  the  produft  of  the  multiplicand  by  the  firft  figure  of  the  multiplier,  as 
above,  we  fuppofe  the  multiplier  divided  into  parts,  and,  after  the  fame  manner, 
find  the  product  of  the  multiplicand  by  the  fecond  figure  of  the  multiplier  ;  but,  as 
the  figure,  by  which  we  are  multiplying,  (lands  in  the  place  of  tens,  the  prod  aft 
muft  be  ten  times  «ts  fimple  value  ;  and,  therefore,  the  firft  figure  in  this  product 
muft  be  noted  in  the  place  of  tens,  or,  which  is  the  fame,  direftly  under  the  figure 
we  are  multiplying  by.  And,  proceeding  in  the  fame  manner  with  all  the  figures 
of  the  multiplier,  feparately,  it  is  evident  we  fhall  multiply  all  the  parts  of  the  mul 
tiplicand  by  all  the  parts  of  the  multiplier  ;  therefore,  thefe  feveral  produces,  being 
added  together,  will  be  equal  to  the  whole  required  produft. 

The  reafon  of  the  method  of  proof,  depends  upon  this  propofirion,  that  if  two 
numbers  are  to  be  multiplied  together,  cither  of  them  may  be  made  the  multiplier 
or  multiplicand;  and  the  product  will  be  the  fame. 

A  fmall  attention  to  the  nature  of  numbers  will  make  this  truth  evident  ;  for 
5X9=45=9  X5;and»  '"  general,  2X3X4X5X6,  &c.zZ3X2X6X5X4^c.  with 
out  any  regard  to  the  order  of  the  terms  ;  and  this  is  true  of  any  number  of  fac 
tors  whatever. 

N.  B.  By  factors  are  meant  the  multiplier  and  multiplicand. 

The  following  examples  are  fubjoiued,  to  make  the  reafou  of  the  rule  appear  as 
clearly  as  poffible. 
64753 

5  237956 

-  3728 

*5  =        3X5  - 

25    =5      50X5  1903648  —  8  times  the  multiplicand. 

35      =    7°°X5  47591*  —  20  tin]>es  di"o. 

20         m    4000X5  1665692    —  700  times  ditto. 

30           =60000X5  713868  ~  3000  times  ditto. 

323765  =64753X5  887099968=3728  times  ditto. 

Multiplication  may  alfo  be  proved,  by  calling  out  the  nines  ;  but  is  liable  to  the 
inconvenience  before  mentioned. 

D  It 


*6         SIMPLE   MULTIPLICATION, 

CASE      III; 

When  the  multiplier  is  a  compofite  number,  that  is,  when  it 
is  produced  by  the  multiplication  of  any  tyro  numbers  in  the  Ta 
ble,  multiply  the  multiplicand  by  one  of  thofe  figures,  firft,  and 
that  product  by  the  other  :  And  the  laft  produft  will  be  the  total 
required.* 

E  x  AM  P  L  E  s, 

2.  3. 

8.        9l632  b7  5s* 


2078125 

4'  5*  & 

Mult.  91 738  by  81.          35963  by  72.          847396  by  99. 


7.  8,  9. 

Mult.  38462  by  108.       749357  D7  121»       9°432?8  by  144, 


CASE      IV. 

When  there  are  cyphers  on  the  right  hand  of,  either  the  mul 
tiplicand,  or  multiplier,  or  both,  negleft  thofe  cyphers  ;  then 
place  the  fignificant  figures  under  one  another,  and  multiply  by 
them  only  ;  add  them  together,  as  before  dire&ed,  and  place  to 
the  right  hand  as  many  cyphers  as  there  are  in  both  the  faftors. 

EXAMPLES. 

It  may  Hkewifc  be,  very  naturally,  proved  by  divifion  ;  for  the  product,  be* 
ing  divided  by  either  of  the  fa&ors,  will,  evidently,  give  the  other  ;  end  it  might 
not  be  amifs  for  the  pupil  to  be  taught  divifion,  at  the  fame  time  with  multiplication  ; 
as  it  not  only  ferves  for  proof  ;  but  alfo  gives  him  a  readier  knowledge  of  them 
both.  But  it  would  have  been  contrary  to  good  method  to  have  given  this  rule  in 
the  text,  becaufe  the  pupil  is  fuppofed,  as  yet,  to  be  unacquainted  with  divifion. 

*  The  reafon  of  this  method  is  obvious  :  For  any  number,  multiplied  by  the 
component  parts  of  another  number,  muft  give  the  fame  produft,  as  though  it  were 
multiplied  by  that  number  at  once  :  Thus,  in  example  firft,  5  times  the  produft  of 
7, multiplied  into  the  given  number,  makes  35  times  thai  given  Aumber,as  plainly ;. 
as  5  times  7  makes  35. 


SIMPLE    MULTIPLICATION. 
EXAMPLES* 

t.  2«  3« 

67910        9567°°      930137000 
5600         320          9500 


Prod.  380296000  306144000  8836301500000 

4.           5-  6. 

359260        8196000  623000 

7364         59180  589000 


Prod.  2645590640     485039280000     366947000000, 


CASE   V. 

When  there  are  cyphers  between  the  fignificant  figures  of 
the  multiplier,  omit  multiply  ing  by  them,  and  place  the  firft  fig 
ure  of  each  produft  of  the  (ignificant  figures,  exa&ly  under  that 
figure  by  which  you  multiply  ;  laftly,  add  them  together,  and 
jLheir  Cum  will  be  the  total  product. 

EXAMPLES. 

I.  2.  S. 

5397         85630        4^97685° 
8009         7°°5          400030 


48573 
43'76 


Prod,  43224573  599838f5°        i95922O93°55°° 

CASE        VI. 

To  multiply  by  10,  100,  1000,  &c.  fet  down  the  multiplicand 
underneath,  and  join  the  cyphers  in  your  multiplier  to  the  right 
hand  of  them, 

E    X    A    M    *    L    K    S. 
*.  2.  3.  4. 

57935     84935     6l3975    8473965 

1O  ICO  lOOO  10OOO 


579350 

""CASE 


58          SI  MPLE    MULTIPLI  CATION, 
C     A    S    JE      VII. 

To  multiply  by  99,  999,  &c.  in  one  line  ;  place  as  many  dots 
at  the  right  hand  of  the  multiplicand,  as  there  are  figures  of  9 
in  your  multiplier,  which  dots  fuppofe  to  be  cyphers  ;  then,  be 
ginning  with  the  right  hand  dot,  fubtraft  the  given  multiplicand 
from  the  new  one,  and  the  remainder  will  be  the  total  produft.* 

EXAMPLES. 


2. 

3 

999  9999 


640827  856531611  53844375°24 


Thatthefe  examples  may  appear  as  clear  as  poffiblc,  I  will  II- 
luflrate  them  by  giving  another.  o 

Mult.  371 967  .  ..f  According  to  the  rule,  1  37 1 967...  Minuend, 
by         999        I      it  will  (land  thus,      j        37*967  Subtrah. 

37J596°33                                              371595°33 Rem.orto- 
, tal  Prod. 


CASE        VIII. 

To  multiply  by  13,  14,  15,  &c.  to  19  inclufoely,  at  one  multi 
plication. 

RULE     i. 

Multiply  the  multiplicand  by  the  unit  figure  of  the  multiplier, 
srid  add  to  the  produft  of  each  multiplication  that  figure  which 
ftands  next  on  the  right  hand  of  that  which  you  multiplied,  and, 
to  the  laft  figure  in  the  multiplicand,  add  what  you  carry. 

EXAMPLES. 

*  Here  it  may  eafily  be  feen  that,  if  you  multiply  any  futn  by  9,  the  produft  will 
be  but  9  tenths  of  the  product  of  the  fame  fum,  multiplied  by  10  ;  and  as  the  annex 
ing  of  a  dot  or  cypher,  to  the  right  hand  of  the  multiplicand,  fuppofes  it  to  be  increaf- 
td  tenfold  ;  therefore,  fabtrafting  the  given  multiplicand  from  the  tenfold  multipli 
cand,  it  is  evident  that  the  remainder  will  be  ninefold  the  faid  given  multiplicand, 
equal  to  the  produt't  of  the  fame  by  9  ;  and  the  fame  will  hold  true  of  any  number 
of  nines. 

Note,  When  the  multiplicand  has  a  fraction  added  to  it,  as  one  fourth,  one  half, 
&c.  add  fuch  a  part  of  the  multiplier  as  the  fraction  makes,  to  the  laft  product  :  But 
when  fuc.h  fraclion  belongs  to  the  multiplier,  add  to  the  laft  produft  luch  a  part  of 
ihe  multiplicand  as  the  fraction  denotes* 
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EXAMPLES. 

i.     2.     3.     4.     5.     6.      7. 

65497   849l6  J9345   7398   9i°8   6l73   54937 
13     14     15     16     17     18      19 


Pro  d.  85 1461 


In  example  firft,  I  fay,  3  times  7  is  21  ;   I  put  down  i  and  car- 
1  2  ;  laying,  3  times  9  is  27,  and  2  that  I  carried,  makes  29,  and 


carry  a  ;  laymg,  g  nmes  5  is  r  teen,  and  2  wnicii  A  carried, 
makes  17,  ajid  4,  its  right  hand  figure,  makes  21  ;  I,  therefore, 
put  down  i  and  carry  2  ;  faying,  3  times  6  is  18,  and  2  which 
i  carried,  makes  20,  and  5,  its  right  hand  figure,  makes  25  ;  I, 
therefore,  fet  down  5  and  carry  2  ;  laitly,  the  2  which  I  carry, 
and  6,  the  lafl  figure  in  the  multiplicand,  make  85  which  gives 
the  total  product. 

RULE     ii. 

To  multiply  by  13,  14,  15,  &c.  to  19  :  Place  your  multiplier 
at  the  right  of  the  multiplicand,  with  the  fign  of  multiplication 
between  them,  and  multiply  with  the  unit  figure,  only,  of  the 
multiplier,  removing  the  product  one  figure  to  the  right  hand  of 
the  multiplicand  ;  then  add  all  together,  and  their  fum  will  be 
the  total  producl. 

EXAMPLES. 

i.  2.  3.  4.  5. 

75964Xi3    759**Xi4     76013X15     8196x1,6     3179x17 
227892 


Prod.  987532 


CASE        IX. 


To  multiply  by  ill,  112,  113,  &c.  to  119,  fo  as  to  have  the 
produ£Un  one  line  :  Multiply  the  multiplicand  by  the  unit  fig 
ure,  only,  of  the  multiplier,  and  add  to  each  multiplication  the 
two  figures  which  ftand  next  on  the  right  hand  to  that  which  you 
multiplied,  and  to  the  two  lafl  figures,  feparately,  add  what  you 
carry, 

EXAMPLES, 


go          SIMPLE  MULTIPLICATION* 

EXAMPLES. 

i.   *     2.         3.        4. 
52976     58975      89193     76435 

111  112  113          114         115 


Prod. 


6.         7.  S."        9. 

4395s      647358      499789      94*7 
116        117         118       119 


Prod.  1120625 


In  the  laft  example  I  fay,  9  times  7  is  63  ;  I  fet  down  3  and 
carry  6  ;  then,  9  times  i  is  9,  and  6  I  carried  makes  15,  and  7,  its 
right  hand  figure,  makes  22  ;  I  fet  down  2,  and  carry  2  ;then,  9 
times  4  is  36,  and  2  I  carry  is  38,  and  its  right  hand  figures,  i 
and  7,  make  46  ;  I  fet  down  6  and  carry  4  ;  then,  9  times  9  is 
81,  and  4  I  carried,  is  85,  and  4  and  i,  its  right  hand  figures, 
make  90  ;  I  put  down  o,  and  carry  9,  which  I  add  to  9  and  4,  the 
2  laft  figures,  and  they  make  22  ;  I  tjien  put  down  2  and  carry 
2  ;  laftiy,  this  2  and  9  make  11,  which  I  fet  down,  and  the 
product  is  complete. 

CASE         X. 

To  multiply  by  101,  102,  103,  &c.  to  109,  fo  as  to  have  the 
product  in  one  line  : 

RULE     I. 

Multiply  the  multiplicand  by  the  unit  figure  of  the  multiplier, 
and  add  to  it  the  next  right  hand  figure,;but  one,  to  that  which, 
you  multiplied,  remembering  to  add  to  the  two  laft  figures  in  your 
multiplicand,  ieparately,  what  you  carry. 


EXAMPLES, 


1.  2. 

57691  89726 


Prod. 


8.  9. 

8493294  6479 

108  109 

Proa.  706211 
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In  the  laft  example  I  fay,  9  times  9  is  81  ;  I  fet  down  i  and 
carry  8  ;  then,  9  times  7  is  63,  and  8  I  carry  is  71  ;  I  fet  down  i 
and  carry  7  ;  then,  9  times  4  is  36,  and  7  I  carry  is  43,  and  9,  its 
right  hand  figure  but  one,  makes  52  ;  I  fet  down  z  and  carry  5  ; 
faying,  9  times  6  is  54,  and  5  I  carry  is  59,  and  7,  its  next  right 
hand  figure  but  one^makes  66  ;  I  fet  down  6  and  carry  6,  which 
I  add  to  4,  the  laft  figure  but  one  in  the  multiplicand,  and  it 
makes  10  ;  I  fet  down  o,  and  carry  i,  which  I  add  to  6,  the  laft 
figure,  and  it  makes  7,  which  I  fet  down,  and  I  have  the  whole 
product. 

RULE     ii. 

To  multiply  by  101,  102,  103,  &c.  to  109  :  Multiply  by  the 
right  hand  figure,  only,  of  the  multiplier,  removing  the  product 
two  figures  to  the  right  hand  of  the  multiplicand  :  Add  all  to 
gether,  and  the  fum  will  be  the  total  product. 

EXAMPLES. 

I.  2.  3. 

^4795   xi.ox        79164  Xioz        37598  xie>3 

64795 


Produft,      6544295 


4.  5-  6. 

73967  Xi04        84973  Xios        748794  xio6 


Prod. 


7-  8-  9- 

87958  xi07        395867  X*°8        59l6379 


CASE      XI. 

To  multiply  by  fit,  31,  41,  &c.  to  91,  in  one  line  : 
RULE. 

Firft,  bring  down  the  unit  figure  of  the  multiplicand,  which 
will,  always,  be  the  unit  figure  of  the  produft,  then  multiply  ev 
ery  figure  of  the  multiplicand  by  the  ten's  figure  of  the  multipli 
er,  and  to  each  product  add  the  figure,  which  ftands  next  on  the 
left  hand  to  that  which  you  multiplied. 

E  y 
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EXAMPLES. 

1.  2.  3.  4. 

935845        358495<$        7l6a98543 
21  31  4i  51 


Prod. 


6. 

7- 

8. 

326478 

938467 

4793 

71 

81 

9* 

Prod.  436l63 

.  In  the  lafl  example,  I  firfl  bring  down  the  unit  figure  3,  of  the 
multiplicand,  for  the  unit  figure  of  the  produft  ;  and,  then,  I  fay, 
<>  times  3  is  27,  and  9,  its  left  hand  figure,  makes  36  ;  I  fet  down 
6  and  carry  3  ;  then,  9  times  9  is  81,  and  3  I  carry  is  84,  and  7, 
its  left  hand  figure,  is  91  ;  I  fet  down  i  arid  carry  9  ;  faying,  9 
times  7  is  63,  and  9  I  c,arry  is  72,  and  4,  its  left  hand  figure,  is 
76  ;  I  fet  down  6  and  ^carry  7  ;  laftly,  9  times  4  is  36,  and  7  I 
carry  makes  43,  which  I  fet  down,  and  have  the  product  com 
plete. 

RULE      ii. 

To  multiply  by  21,  31,  41,  £c.  to  91  :  Multiply  by  the  ten's 
ngure,  only,  of  the  multiplier,  and  fet  the  unit  figure  of  the  prod- 
u6t  under  the  place  of  tens  ;  add  them  all  together,  and  their 
fum  will  be  the  total  produft. 

EXAMP   L  E   s. 

I.  2.  3.  4. 

739l8  *2>    56934  X3l    86789  X4i    759846 
147836 

1552278 


5.  6.  7. 

37954  X6i        73958  X71         81937 


CASE       XII. 

To  multiply  by  22,  23,  24,  &c.  to  29  ;  fo  as  to  have  the  product 
in  one  line  ;  Multiply  every  figure  of  the  multiplicand  by  the  unit 

figure 
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figure  of  the  multiplier,  and  add  to  each  produft  twice  that  figure 
•which  ftands  next  on  the  right  hand  of  that  figure  you  multipli 
ed  ;  and  to  twice  the  lafl  figure  of  the  multiplicand,  add  what 
you  carry. 

EXAMPLES* 

2.  3.  4. 

46795  64839  83964723 

23  24  25 

Prod. 


Prod.  222053 

In  the  lafl  example,  I  fay,  9  times  7  is  63  ;  I  fet  down  3  and 
carry  6  ;  then,  9  times  5  is  45,  and  6  I  carry  is  51,  and  7,  its  right 
hand  figure,  added  twice,  makes  65  ;  I,  therefore,  fet  down  5  and 
carry  6,  faying  9  times  6  is  54,  and  6  1  carry  is  60,  and  5,  its  right 
hand  figure,  added  twice,  makes  70  ;  I  fet  down  O  and  carry  7  ; 
then,  9  times  7  is  63,  and  7  I  carry  is  70,  and  6,  its  right  hand 
figure,  added  twice,  makes  82  ;  I  fet  down  2  and  carry  8  ;  laftly, 
I  add  this  8  to  twice  the  lall  multiplicand  figure,  and  they  make 
22,  and  the  whole  produ6l  {lands  as  above. 

To  multiply  any  number,  viz.  whole  or  decimal,  by  any  number,  giv 
ing  only  the.  Product. 

Put  down  the  Produ6l  figure  of  the  firft  figure  of  the  multipli 
cand  by  thejirft  of  the  multiplier.  To  the  produft  of  thefecond 
of  the  multiplicand  by  thej£r/2  of  the  multiplier,  add  the  num 
ber  to  be  carried,  and  the  product  of  thejirft  of  the  multiplicand 
by  the  fecond  of  the  multiplier  ;  then,  carrying  for  the  tens  in 
the  fum,  put  down  the  reft.  To  the  produft  of  the  third  of  the 
multiplicand  by  the  firft  of  the  multiplier  add  the  number  to  be 
carried,  and  the  produft  of  the  fecond  of  the  multiplicand  by  the 
fecond  of  the  multiplier,  alfo  the  produft  of  thejirft  of  the  multi 
plicand  by  the  third  of  the  multiplier,  carry  the  tens,  and  put 
down  the  reft,  and  fo  proceed  till  you  have  multiplied  the  high- 
eft  of  the  multiplicand  by  the  loweft  of  the  multiplier.  Then 
multiply  the  higheft  of  the  multiplicand  by  the  fecond  of  the  mul 
tiplier  :  Add  the  number  to  be  carried,  and  the  product  of  the 
ietft  but  one  of  the  multiplicand  by  the  third  of  the  multiplier, 
and  the  produft  of  the  loft  but  two  of  the  multiplicand  by  the 
fourth  of  the  multiplier,  &c.  Then  to  the  prodaft  of  the  lafl  but 
one  of  the  multiplicand  by  the  fourth  of  the  multiplier  ;  arid  fo 
proceed  till  you  have  multiplied  the  lafl  of  the  multiplicand  by 
the  Itift  of  the  multiplier,  which  fijaifhes  the  work, 

E  Example. 


SIMPLE    DIVISION. 

Example.  Explanation. 

Mult.  5321415  5 

By          2354 


__        3  +  4X5  +  i_X  3  -I-  5X2  =40 
2X4  +  44-1X5  +  4X3  +  1X2  —31 
3X4  +  3  +  fj*_5  +  0<_3  -I-  4  xl  =136 
5X4  +  3  +  3  X  5  +  2X3  -f  1  XJ*  —46 
5  X  5  -f  4  +  Fxl  +  2j<jz  —4* 
5X3+  4+3  X  2  =25 
5X2  +  2  ~i2 
DIVISION 

Teaches  to  feparate  any  number,  or  quantity  given,  into  any 
number  of  parts  afligned  ;  or  to  find  how  often  one  number  is 
contained  in  another  ;  or  from  any  two  numbers  given,  to  find  a 
third,  which  fhall  confifl  of  fo  many  units,  as  the  one  of  thofe 
given  numbers  is  comprehended  in  the  other  ;  and  is  a  concife 
way  of  performing  feveral  Subtractions. 

There  are  four  principal   parts  to  be  noticed  in  Divifion,  viz* 

1.  The  Dividend,  or  number  given  to  be  divided. 

2.  The  Divifor,  or  number  given  to  divide  by. 

3.  The  Quotient,  or  aniwer  to  the  queftion,  which  fhews  how 
often  the  divifor  is  contained  in  the  dividend. 

4.  The  Remainder  (which  is  always  lefs  than  the  Divifor,  and 
of  the  fame  name  with  the  Dividend)  is  very  uncertain,  as  there 
is  fomeiimes  a  Remainder,  and  fometimes  none. 

Divifion  is  both  fimple  and  compound. 

PROOF. 

Multiply  the  divifor  and  quotient  together,  and  add  the  re 
mainder,  if  there  be  any,  to  the  product  ;  if  the  work  be  right, 
that  fum  will  be  equal  to  the  dividend. 

SIMPLE      DIVISION 

Is  the  dividing  of  one  number  by  another,  without  regard  to 
their  values  :  As.  .56,  divided  by  8,  produces  7  in  the  quotient  : 
That  is,  8  is  contained  7  times  in  56.* 

CASE 

'*  According  to  the  rule,  we  refolve  the  dividend  into  parts,  and   find,  by  trhlr 
the  number  of  times  the  divilor  is  contained  in  each  of  thole  parts  ;  and  the  only 
thing  which  remains  to  be  proved,  is,  that  the  feveral  figures  of  the  quotient,  taken 
JIN  one  number,  according  to  the  oir*er,  in  which  they  aie  placed,  is  the  true  quo- 
it  the  whole  dividend  by  the  divifor  ;  which  may  be  thus  demonstrated. 
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CASE      I. 

RULE.  Fir  ft,  feek  how  many  times  the  diviforis  contained  in  a 
competent  number  of  the  firft  figures  of  the  dividend  ;  when  found, 
place  the  figure  in  the  quotient  ;  multiply  the  divifor  by  this 
quotient  figure,  place  the  product  under  the  left  hand  figures  of 
the  dividend  ;  then  fubtraft  it  therefrom,  and  bring  down  the 

next 

Dem.  The  complete  value  of  the  firft  part  of  the  dividend,  is,  by  the  nature  of 
notation,  10,  100,  1000,  &c.  times  the  fimple  value  of  what  is  taken  in  the  opera 
tion  ;  accordingly,  as  there  are  i,  2,  or  3,  &c.  figures  Handing  before  it  ;  and, 
confequently,  the  true  value  of  the  quotient  figure,  belonging  to  that  part  of  the  di 
vidend,  is  alfo  10,  100,  JGOO,  &c.  time*  its  fimple  value  ;  but  the  true  value  of  the 
quotient  figure,  belonging  to  that  part  of  the  dividend,  found  by  the  rule,  is  alfo 
10,  100,  i  ooo,  &c.  times  its  fimple  value  ;  for  there  are  as  many  figures  fet  before  it, 
as  the  number  of  remaining  figures  in  the  dividend  ;  therefore,  this  full  quotient 
figure,  taken  in  its  complete  value  from  the  pUce  it  (lands  in,  is  the  true  quotient 
of  the  divifor  in  the  complete  value  of  the  firft  part  of  the  dividend.  For  the  fame 
reafon,  all  the  reft  of  the  figures  cf  the  quotient,  taken  according  to  their  places,  are, 
each,  the  true  quotient  of  the  divifor,  in  the  complete  value  of  the  fcveral  parts  of 
the  dividend  belonging  to  each  ;  becaufe,  as  the  firft  figure,  on  the  right  hand  of 
each  fucceeding  part  of  the  dividend,  has  a  lefs  number  of  figures  ftanding  before  it, 
fo  ought  their  quotients  to  have  ;  and  fo  they  are  aftually  ordered  ;  confequently^ 
taking  all  the  quotient  figures  in  order,  as  they  are  placed  by  the  rule,  they  make  one 
number,  which  is  equal  to  the  fum  of  the  true  quotients  of  all  the  feveral  parts  of 
the  dividend;  and  is,  therefore,  the  true  quotient  of  the  wholedividend  by  the  divifor. 

That  no  obfcurity  may  remain,  in  this  demonftration,  it  is  illuftraled  by  the  fol 
lowing  example. 

Divifor  15)74503  Dividend 
lit.  part  of  the  dividend  is  —  74000 

25X2O°o  —  50000 2000  the  ift.  quotient. 

i  ft.  remainder  —  24000 
add         500 

fid.  part  of  the  dividend  —  24500 

25X9°o  ~  22500 900  the  ad  quotient, 

ad.  remainder  rr    2000 
add       co 

3d,  part  of  the  dividend  —  2000 

25X80  =  2000   —    — .   80  the  3d  quotient. 

oo 
add     3 

4th.  part  of  the  dividend  =      3 

25X0       o    —    —    o  the  4th  quotient. 

Laft  remainder  —     3      —     2980   =  Sum  of  all  the  quo. 

„  .  tients,  or,  the  Atifwer, 

£.xplan.  It  is  evident  the  dividend  is  refolved  into  thcfe  parts,  7  4000-^-500-1-004-3 ; 

for  the  firft  part  of  the  dividend  is  confidered  only  as  74  ;  but  yet  it  is,  truly* 

74000;  and  therefore  its  quotient,  inftead  of  2,  is  2000,  aud  the  remainder  24000; 

and  fo  of  the  reft  ;  as  may  be  feen  in  the  operation. 

When  there  is  no  remainder  to  a  dwifion,  the  quotient  is  the  abfolute  and  per 
fect  aafwcr  to  t4ie  queftioa  ;  but  where  tb«r«:  is  a  remainder,  U  may  be  okierved, 

that 


36  S  I  M  P  L  E    D  I  V  I  S  I  O  N. 

next  figure  of  the  dividend  to  the  right  hand  of  the  remainder  : 
If  when  you  have  brought  down  a  figure  to  the  remainder,  it  is 
itill  lefs  than  the  divifor,  a  cypher  muft  be  placed  in  the  quotient, 

and 

that  it  goes  fo  much  towards  another  time  as  it  approaches  the  divifor  j  thus,  if  the 
remainder  be  half  the  divifor,  it  will  go  half  of  a  time  more,  and  fo  on  ;  in  order, 
therefore,  to  complete  the  quotient,  put  the  laft  remainder  to  the  end  of  it,  above 
a  line,  and  the  divifor  below  it. 

It  is  fometimes  difficult  to  find  how  often  the  divifor  may  be  had  in  the  num- 
bers  of  the  feveral  fteps  of  the  operation  :  The  beft  way  will  be  to  find  how  often 
the  firft  figure  of  the  divifor  may  be  had  in  the  firft,  or  two  firft  figures  of  the  dividend, 
and  the  anfwer,  made  lefs  by  one  or  two,  is,  generally,  the  figure  wanted  ;  but  if,  af 
ter  fubtractingthe  produft  of  the  divifor  and  quotient  from  the  dividend,  the  remainder 
be  equal  to,  or  exceed  the  divifor,  the  quotient  figure  muft  be  increafed  accordingly. 

The  reafon  of  the  method  of  proof  is  plain;  for,  fmcethe  quotient  is  the  number 
of  times  the  dividend  contains  the  divifor,  the  product  of  the  quotient  and  divi 
for,  muft,  evidently,  be  equal  to  the  dividend. 

There  are  feveral  other  methods  made  ufe  of  to  prove  divifion  ;  as  follow,  viz. 
RULE     I. 

Subtract  the  remainder  from  the  dividend  ;  divide  this  number  by  the  quotient, 
and  the  quotient,  found  by  this  divifion,  will  be  equal  to  the  former  divifor,  when, 
the  work  is  right. 

RULE     II. 

Add  the  remaincfer  and  all  the  products  of  the  feveral  quotient  figures  multiplied 
by  the  divifor  together,  according  to  the  order  in  which  they  ftand  in  the  work,  and 
the  fum,  when  the  work  is  right,  will  be  equal  to  the  dividend. 

Here,  the  numbers  to  be  added  are  the  products  of  the  divifor  by  every  figure  of 
the  quotient,  feparately  ;  and  each,  by  its  place,  poffefles  its  complete  value  ;  there, 
fore,  the  fum  of  the  parts,  together  with  the  remainder,  muft  be  equal  to  the  whole. 
I  will  illuftrate  the  whole  by  an  example  proved  according  to  the  feveral  different 
methods. 

79)9  8765432  1(12501953 

79*  79  -fr*  34  remainder. 

J97  112517577 

158*  875'3<57i 

T~6  *3* 

395*  987654321  Proof  by  multiplication. 

987654321 

7  i  i*  12501953)987654287)79  Proof  by  dmfion. 
87513671 

•395*  112517577 

.  •  112517577 

!  '.  2  3  7* 


34* 


987654321      Proof  by  addition. 

We  need  only  to  refer  to  the  example  ;  except  for  the  proof  of  addition  ;  wherCj 
it^may  be  remarked,  that  the  Afterifms  mew  the  numbers  to  be  added,  and  toe  dol« 
tea  lines  their  order. 
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and  another  figure  be  brought  down  :  after  which,  you  muft 
feek,  multiply  and  fubtraft,  till  you  have  brought  down  every 
figure  of  the  dividend. 


E    X    A 


P    L    E    5. 


1. 


Divifor.  Dividend.  Quotient, 


15 


24 


In  this  example,  I  find  that  3,  the  di 
vifor,  cannot  tfe  contained  in  the  firft 
figure  of  the  dividend  ;  therefore,  I  take 
two  figures,  viz.  17,  and  inquire  how 
often  3  is  contained  therein,  which 
finding  to  be  5  times,  I  place  the  5  in 
the  quotient,  and  multiply  the  divifor 
by  it,  fetting  the  firft  figure  of  the  mul 
tiplication  under  the  7  in  the  dividend, 
&c.  I  then  fubtracl  15  from  17,  and 
find  a  remainder  of  2,  to  the  right  hand 
of  which  1  bring  down  the  next  figure 
of  the  dividend,  viz.  5  ;  then,  I  inquire 
how  often  the  divifor  3,  is  contained  in 
25,  and,  finding  it  to  be  8  times,  I  mul 
tiply  by  8,  and  proceed  as  before,  till  I 
X3  Divifor  -f-  2  bring  down  the  i,  when,  finding  I  can 
not  have  the  divifor  in  i,  I  place  O  ia 
the  quotient,  and  bring  down  7  to  the 
i,  and  proceed  as  at  the  firft. 
Obferve,  that,  in  multiplying  by  3,  I  add  in  the  2. 

2.  3- 


18 
18 


15 

2  Rem. 
Proof 
58605  Quotient 


175817 


M5 


6493 

26946 
25972 

9743 
6493 

32507 


425 


S5)J97l84( 
8. 


6. 
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EXAMPLES. 

10.  11. 

38473)J  19l84693(  64l976)9l87642959( 

12. 


123456789)121932631  i 

CASE        II. 

When  there  is  one  cypher,  or  more,  at  the  right  hand  of  the 
divitor,  it  or  they  mufl  be  cut  off  ;  alfo,  cut  off  the  fame  num 
ber  of  figures  from  the  dividend,  and  then  proceed  as  in  Cafe 
firft  :  But  the  figures  which  were  cut  off  from  the  dividend 
muil  be  placed  at  the  right  hand  of  the  remainder.* 

EXAMPLES. 
i.  2. 

65|c°)3794326l75(58374  5I93looo)8937643|893( 

325 

3- 

9*7l0)47658|3( 


8751000 


1675  Rem. 

5.  6.  7. 

Quot.  Rem.  Quot.  Rem.  Quot.     Rem, 

*1°;9584|6  1)00)76495180         1 1000)93751839)462 

Note,  In  dividing  by  10,  TOO,  1000,  &c.  when  you  cut  off  as 
many  figures  from  the  dividend,  as  there  are*  cyphers  in  the  di- 
vifor,  your  work  is  done  ;  thofe  figures,  cut  off  at  the  right  hand, 
are  the  remainder,  and  thofe  on  the  left,  the  quotient,  as  abov^. 

CASii 

*  The  reafon  of  this  contra&ion  is  eafy  to  conceive  ;  for  the  cutting  off  the  fame 
figures  from  each,  is  the  fame  as  dividing  each  of  them  by  10,  100,  1000,  &c.  and 
ii.  is  evident,  that  as  often  as  the  whole  divifor  is  contained  in  the  whole  dividend, 
fo  often  muft  any  part  of  the  divifor  be  contained  in  the  like  part  of  the  dividend  ; 
this  method  is  only  to  avoid  a  needkfs  repetition  of  cyphers,  which  would  happf n 
in  the  common'  way. 
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CASE      III. 

To  perform  divifion  without  fetting  down  the  multiplication  : 
Firft,  leek  how  often  the  divifor  may  be  contained,  as  before  di- 
refted  ;  place  the  figure  in  the  quotient,  and  multiply  it  by  the 
divifor  ;  fubtraft  the  unit  figure  of  tke  multiplication  from  the 
dividend,  and,  if  you  are  obliged  to  borrow  in  fubtra&ing,  you 
muft  add  one  extraordinary  to  the  next  multiplication,  and  pro 
ceed  as  before.* 

EXAMPLES. 

1.  2. 

756)647395(856 

4^59 
4795 
259 

3' 

293)501 7846( 


In  the  firfl  example  I  find  the  firft  quotient  figure  to  be  8  ; 
then,  I  fay,  8  times  6  is  48  ;  fubtraft  the  unit  figure  8  from  the  3 
in  the  dividend,  and  5  remains  ;  then,  as  I  was  obliged  to  bor 
row  i  in  fubtracling,  I  carry  5,  that  is,  4  tens  in  48,  and  one  ten 
I  borrowed,  make  5  tens  ;  faying,  8  times  5  is  40,  and  5  I  carri 
ed,  makes  45  ;  then,  5  from  7  and  2  remains  ;  I  now  carry  only 
4,  as  I  borrowed  none  in  fubtracling  ;  next,  I  fay  8  times  7  is  56, 
and  4  I  carry,  is  60,  which,  fubtrafted  from  64,  leaves  4  ;  1  now 
bring  down  the  next  figure,  and  proceed,  in  the  fame  manner, 
through  the  whole. 

CASE      IV. 

Short  divifion  is,  when  the  divifor  does  not  exceed  12. 

R    U     L    B. 

Firft,  feek  how  often  the  divifor  can  be  had  in  the  firfl  figurp, 
or  figures,  of  the  dividend  ;  which,  when  found,  place  in 

qucL. 

*  The  rcafon  of  this  rule  is  the  fame  as  that  of  the  general  ruic.  j 

I 


^  SIMPLE    DIVISION. 

quotient  ;  then,  mentally,  multiply  your  divifor  by  the  figure 
placed  in  the  quotient,  and  fubtra&  the  produft  from  the  like 
number  of  the  left  hand  figures  of  your  dividend,  and  the  units, 
which  remain,  muft  be  accounted  fo  many  tens,  which  you  muft. 
fuppofe  to  ftand  at  the  left  hand  of  the  next  figure  in  the  divi 
dend,  and  to  be  reckoned  with  it  ;  then,  feek  how  often  you  can 
have  your  divifor  in  thofe  two  figures  ;  but,  if  nothing  remain, 
you  muft  then  feek  hbw  often  your  divifor  is  contained  in  the 
next  figure,  or  figures,  and  thus  proceed  till  you  have  done. 

EXAMPLES. 
Divifor.  Dividend.  2.  3.  4.  5. 

2)7!935      3)5*903      5(633795      6)8471937      7)193847 
Quot.3596;— i 


6.  7.  8.  9. 

8)5437846    9)45963784     *l)9l84375°     12)1196437847536 


CASE      V. 

When  the  divifor  is  fuch  a  number,  that  any  two,  or  more, 
figures  in  the  Table,  being  multiplied  together,  will  produce  it, 
divide  the  given  dividend  by  one  of  thofe  figures  ;  the  quotient, 
thence  arifing,  by  the  other,  and  fo  on  ;  and  the  lad  quotient 
will  be  the  anfwer,* 

EXAMPLES, 

*  This  follows  from  the  contraction  in  cafe  3d.  of  fimple  multiplication,  of  which 
it  is  only  the  reverfe  ;  for  the  fourth  part  of  the  half  of  any  thing  is  evidently  the 
lame  as  the  eighth  part  of  the  whole  ;  and  fo  of  any  other  number. 

As  the  learner,  at  prefent,  is  fuppofed  to  be  unacquainted  with  the  nature  of  frac 
tions,  and  as  the  quotient  is  incomplete  without  the  remainder  ;  I  mall  here  give  a 
rule  lor  finding  the  true  remainder,  without  having  recourfe  to  fraction!. 

RULE. 

Multiply  the  quotient  by  the  divifor  :  Subtract  the  product  from  the  dividend., 
and  the  refult  will  be  the  true  remainder. 

The  Rule,  which  is  moft  commonly  made  ufe  of,  when  the  divifor  is  a  compo- 
file  number,  is 

R    U     L     B       II. 

Multiply  the  lad  remainder  by  the:  preceding  divifor,  or  hft  but  one,  and  to  tne 

product  3drt  the  preceding  remainder  ;  multiply  this   fum  by   the  next   preceding 

divifoi-.  and  f.o  the  product  add  the  next  preceding  remainder  ;  and  to  on,  till  you 

:-on~  through  all  the  divifors  arufc-r;-  0  ti.J  M;i». 
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EXAMPLES. 

i/fc,  method.  zd.  method.  3^T  method.. 

9)196473  8)i96473  72)I96473(27a8 

8)2l83°  9)24559 

Quot.    2728—57     Quot.  2728—57 


57  Remainder, 

I  have  wrought  the  above  queftion  three  ways,  that  the  learn 
er  may  underftand  the  method  of  finding  the  true  remainder,  ac 
cording  to  this  cafe.  In  the/r/,  in  dividing  by  9,  3  remains,  and, 
by  8,  6  remains  ;  which,  being  the  laft  remainder,  I  multiply  it 
by  the  firft  divifor  9,  and  add  in  the  firft  remainder  3,  and  they 
make  57,  the  true  remainder.  In  thefecond  method,  dividing  by 
8,  i  remains,  and  by  9,  7  remains  ;  I,  therefore,  multiply  7,  the  laft 
remainder,  by  8,  adding  in  the  i,  and  they  make  57,  as  Before. 
The  third  method  is  felfevident,  and  {hews  that  the  other  remain 
ders  are  true. 

2.  3-  4-  5- 

36)79638  25)197835  84)93975  54)93738764 

6.  7-  8. 

221)75323939  i32)38473692  M4)891376429732 

Supplement 

E  x  A  M  r  L  E.  . 
6)85397  divided  by  150  i  the  laft  remainder. 

multiply  by  *5  the  laft  divifor  but  one. 


5 
5)2846  —  a  add  2  the  fecond  remainder, 

569—1  7 

--  multiply  by  6  tke  fiift  divifor. 


Anjt  569^^.  42 

add  5  the  firft  remainder. 

47  the  true  remainder. 

To  explain  this  rule  from  the  example,  we  may  obferve,  that  every  unit  in  the  firu 
quotient  may  be  looked  upon  as  containing  6  of  the  units  in  the  given  dividend  : 
corifequently,  every  urfit,  which  remains,  will  contain  the  fame  ;  therefor  e,tltis  re 
mainder  mult  be  multiplied  by  6,  to  find  the  units  it  contains  of  the  given  dividend- 
Again,  each  unit  in  the  next  quotient  will  contain  5  of  the  preceding  ones,  or  30  of 
the  firft,  that  is,  6  times  5  ;  therefore,  what  remains  mutt,  be  multiplied  by  30, 
F 
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Supplement  to  Contractions  in  Multiplication, 

i.  The  fhortefl  method  of  multiplication,  when  the  multiplier 
is  in  any  even  part  of  joo,  iOOO,  &c.  is  by  diviiion.  :  For  if  the 
multiplicand  be  increafed  by  a  number  of  cyphers  equal  to  the 
places  in  the  multiplier,  and  a  part  of  that  produft  taken  for  the 
fame  proportion,  which  the  multiplier  bears  to  i,  and  the  fame  num 
ber  of  cyphers  annexed  to  it,  the  quotient  will  be  the  true  product. 

i.  Multiply  39756  into  125.  2.  Multiply  57638  by  33!. 
125—4-  of  1CO°5  wherefore,  33i~i  °f  Joo,  therefore, 


4969500  Product.  1921266!   Product. 


Multiply  91378  by 
nzi-  of  1000,  therefore, 
3)91378000 


30459333? 

2.  From  the  aforementioned  property  peculiar  to  the  digit  9, 
it  follows,  that  whatever  other  digit,  with  any  number  of  cyphers 
annexed,  is  divided  by  it,  the  quotient  will  confift,  wholly,  of 
luch  digits,  and  fo  many  gths  of  'an  unit  over  ;  hence  the  follow 
ing  method  of  multiplying  by  repetends  of  any  of  the  digits. 

i,  2.  3. 

645  by  8888.  5394  by  66666.  37.98  by  444 

80000  600000  4000 

9)51600000  9)3236400000  9)15192000 

5733333  359600000  1688000 

Subtraft  573         Subt.  3596         Subt.          1688 

Product.     5732760         Prod.    359596404         Prod.    1686312 
TABLES  frc    COMPOUND    ADDITION. 

1.       M    O     N    E    Y.* 

marked) 

Note,  4  Farthings  T  f  Penny,          grs-.  d. 

12  Pence          >  make  one  <    Shilling,      s. 
ao  Shillings   J  [   Pound,         £. 

Farthings 

^Tiich  is  the  fame  thing,  by  6  and  5  continually  :  Now,  this  is  the  fame  as  the 
Rule  ;  for,  inftcad  off  finding  the  remainders,  feparately,  they  are  reduced  from  the 
bottom,  upwards,  ftep  by  itep,  to  one  another,  and  the  remaining  units,  of  the  fame 
clafs,  taken  as  they  occur. 

*  As  the  Federal  Money  depends  on  the  principle*  of  decimal  fractions,  no  tables 
will  be  infested  here.     The  pupil  is  referred  to  that  head  for  a  knowledge  of  it. 


T      A      B      L      E      S. 

Farthings, 

4  zz      i  Penny. 
48  zz    12  zz    i  Shilling, 
960  zz  24.0  zz  20  zz  i  Pound. 

PENCE     TABLES. 


d.    J»  d,    dt     s.  d.      s.    d.    s.     d. 

20  zz  t  8 

120  zz  10  o 

2  ZZ   24 

12  ZZ  144 

50  zz  2  6 

130  zz  10  10 

3  zz  36 

13  zz  156 

40—  3  4 

140  zz  11  8 

4  zz  48 

14  zz  168 

5°  =  4  2 

150  zz  12  6 

5  ^~-  ^o 

15  zz  180 

60  zz  5  o 

160  zz  13  4 

6  zz  72 

16  zz  192 

70  zz  5  10 
80  zz  6  8 

170  ZZ  14   2 

180  zz  15  o 

7  —  84 
8zz  96 

l8  ZZ  2lt> 

90  zz  7  6 

190  zz  15  10 

9  zz  108 

19  zz  228 

too  zz  8  4 

200  zz  16  8 

1O  ZZ  12O 

20  zr  240 

nozz  9  2 

ii  zz  132 

2.    T  R   o   Y     WEIGHT/ 


24  Grains 

20  Pennyweights 

12  Ounces 

Grains, 

24  zz 
480  zz 


I"  Penny  weight,  marked  grs.  pwt. 
make  i   «!  Ounce,  -     oz. 

(_  Pound,  ft 


16  Drams 
16  Ounces 
28  Pounds 
~  uarters 
undred  wt. 


4 

20 


make 


i  Pennyweight. 
20  zz  i  Ounce. 
5760  zz  240  zz  12  zz  i  Pound. 

VOIRDUPOIS       W  E    I    G  H    T.f 

f  Ounce,  marked  dr.  oz. 

\  Pound,  ft 

1<J  Quarter  of  a  hundred  wt,  qr. 

|  Hundred  wt.  or  H2<pounds,     Cwt. 
LTon,  T. 

Drams. 

*  By  this  weight  are  weighed  Gold,  Silver,  Jawels,  Electuaries,  and  all  Liquors. 

An  ounce  of  gold  is  divided  into  24  parts,  called  carats,  and  an  ounce  of  nlver, 
into  20  parts,  called  pennyweights  ;  therefore,  to  diltinguifh  fineness  of  metals, 
fach  gold  as  will  abide  the  fire  without  lofs,  is  accounted  24  carats  line  :  If  it  loie 
a  rarats  in  trial,  it  is  called  22  carats  fine,  &c. 

A  pound  of  filver,  wh'ch  lofes  nothing  in  trial,  is  ta  ounces  fine  ;  but,  if  it  lofe 
3  pennyweights,  it  is  noz.  i7pw(s,  fine,  &c. 

Alloy  is  fome  bafe  metal  with  which  gold  or  filver  is  mixed  to  abate  its  finenefs. 
22  carats  of  gold,  and  2  carats  of  copper,  are  eUeemed  the  true  ftandard  for  gold 
coin  in  England,  the  alloy  being  one  eleventh  of  the  fine  gold  :  And  HDZ.  2pwts. 
of  fine  filver,  melted  with  iSpwts.  of  copper,  make  the  true  ftandard  for  filver  coin. 

NOTE,  175  Troy  dunces  are  precifely  equal  to  192  Avoirdupois  ounces,  and  17,5 
Troy  pounds  are  equal  to  14^  Avoirdupois,  i  ft  Troy  =  5760  grains,  and  i  ft 
Avoirdupois  —  7000  grains. 

-r  By  Avoirdupois  are  weighed  all  coarfe  and  droffy  goods,  grocery  and  chand 
lery  -wares  ;  bread,  and  all  metals,  except  gold  and  filver. 

A  barrel  of  pork  weighs  aaoft.  A  barrel  of  beef,  <22oft.  A  quintal  of  fifh, 
I  Cwt.  Avoirdupois.  12  particular  things  make  i  dozen  ;  12  dozen  i  gi'ofs,  and 
144  dozen  i  great  grofs,  ao  particular  things  make  i  fcore. 

A  Firkin 


B 


S. 


Drams, 

16  zz:  i     Ounce. 

25^  zz:         16  zz:         i  Pound. 
7168  —      448  zz:      28  zz    i  Quarter. 
28672  zz     1792  zz:    112  zz    4  zz     i  Hund.  wt. 
573440  zz  3,5840  zz'  2240  zz  80  zz  20  zz  i  Ton. 

4.    A    P    O    T   H    E    C    A   R    I    E    S*      WEIGH  T.* 


E    C   A  R    I    E 

20   Grains      "1  C  Scruple, 

Q    Scruples  ,         I  Dram, 

>  make  i  <  ^ 
8  Drams  J  Ounce, 

12  Ounces     J  i^  Pound, 

Grains, 

?o  —       *  Scruple. 
60  zz      3  zz     i  Dram. 
480  —    24  —    8  —    i  Ounce. 
5760  zz  288  zz  96  zz:  12  zz  i  Pound. 
5.  CLOTH     MEASUR  E.f 


marked 


2  Inches,  and  one  fourth 
4  Nails,  or  q  Inches 

4  Quarters  of  a  yard,  or  36  Inches 

3  Quarters  of  a  yard,  01-27  Inches 


Nail,  marked  in.  na. 
Quarterof  a  yd.  qi;. 
Yard,  yd. 

Ell  Flemifli,  E.F1. 


.5  Quarters  of  a  yard,  or  4.5  Inches  )>make  i<(  Ell  Englifh,    E.  E. 


6  Quart -rs  of  a  yard,  or  54  Inches 
4  Quarters,  i  Inch  &  one  5th,  or  ~\ 
37  Inches  and  one  fifth  J 

3  Quarters  and  two  thirds 

Nails,     4  zz  i      Quarter. 
4  zz  i    Yard. 


Ell  French,   E.  Fr. 
Ell  Scotch,    E.Sc. 
^Spanifh  Var, 


16  zz 

12    ZZ 
2O    ZZ 

24  zz 


3  zz  i  Flemifli  Ell. 

5  zz  i  Englifh  Ell. 

6  zz  i  French  Ell. 


A  Firkin  of  Foreign  Butter 


ft 


6.  LONG 

A  Stone  of   Iron,  Shot,  >   ft 
or  horfeman's  weight,  £  14 

Butcher's  Meat,        8 

A  gallon  of  Train  Oil  7^ 

A  Tod  is       -       -      -  28 

A  Weigh  -  -  -182 
A  Sack  -  -  -  364 
A  Laft  -  4368 

*  All  the  weights  now  ufed  by  Apothecaries,  above  grains,  are  Avoirdupois. 
The  Apothecaries'  pound  and  ounce,  and  the  pound  and  ounce  Tioy  are  the 
(Vne,  only  differently  divided  and  fubdividcd. 

-r  Ail  Scotch  and  Infh  linens  are  bought  by  the  Englifh  or  American  yard,  -which 
is  the  fame,  and  all  Dutch  linens  by  the  Ell  Flemifh  :    But  are  all  fold  in  America 
by  the  American  yard  ;  though  the  Dutch  linens  are  fold  in  England  by  the  ILli 
lir.glifh,  and  the  Scotch  and  Irifh  linens,  as  in  America. 
The  Scotch  allow  one  Englifh  yard  in  every  fcore  yards. 


A  Barrel  of  

Scrap 
Anchoives 
—  ._  Soap 

94 

39 

256 

1120 

jr«,» 

R-iifinc 

A  Punch  of 

TABLES. 


45 


6.    L  o  N 

g  Barley  corns 
j2  Inches 

3  Feet 

5!  Yards,  or  16 
40  Poles 

8  Furlongs 

69 1  Statute  miles,  nearly, 


feet 


360  Degrees 


M    E    A    S    U     R    E.* 

("Inch,          marked  bar.  in. 

Foot,  feet. 

Yard,  yd. 

Rod,  Perch,  or  Pole,  pol. 

Furlong,  fur. 

Mile,  mile, 

f  Degree  of  a  . 

]_  great  Circle, 
f  A  great  Circle 

\    of  the  Earth. 
Or  in  Meafuring  Dijl  antes* 


I 


fLink. 
|  Pole, 
make  i<(  Chain. 

|  Furlong. 
LMile. 


7-j^Inckes 
25  Links 
lOO  Links 
lO  Chains 

8  Furlongs 
Bar.  corns,  3  rz          i  Inch, 

36  zz         1 2  zz         i     Foot. 
108  zz         36  zz         3    zz         i     Yard. 
594  zz      198=    ^i6£zz        5i  —       i  Pole. 
23760  zz    7960  zz    660    zz     220    zz    40  zz  i  Furlong. 
190080  zz  63360  zz  5280    zz  1760    zz  320  zz  8  zz  i  M. 


Inches, 

198 
792 

7920 
63360 


zz         i  Link, 

zz       25  zz       i  Pole  or  Perch, 
zz     100  zz      4  zz     i  Chain, 
zz  looo  zz    40  zz  10  zz  i  'Furlong, 
z-  8000  zz  320  zz  80  zz  8  zz  i  M?ie. 
7.     TIM   E.t 

make  i 


f-  Minute, 

marked  s.  m. 

Hoar, 

h. 

Day, 

d. 

Week, 

w. 

Month, 

mo. 

..  Julian  year 

,                yr. 

Seconds' 

60  Seconds 
60  Minutes 
24  Hours 

7  Days 

4  Weeks 
13  Months,  i  day  &  6  hours- 


*  The  itfe  of  Long  Meafure  is  to  meafure  the  diftancc  of  places,  or  any  other 
thing,  where  length  is  confidered  without  regard  to  breadth. 

NOTE.  CD  geometrical  miles  make  a  degree.  4  inches  a  hand,  5  feet  a  geo 
metrical  pace.  6  points  make  I  line,  12  lines  an  inch,  12  inches  a  foot,  and  6  feet 
one  French  toife,  or  fathom,  equal  to  6  feet  4  inches,  8,812,875  lines,  Englifh 
meafure.  i  Englifli  foot  equal  ton  inches,  31154  lines  French.  66  feet,  or  4 
poles,  make  a  Gunter's  chain.  3  miles  make  a  league. 

t  By  tfee  Calendar,  the  year  is  divided  in  the  following  manner. 
Thirty  days  hath  September,  April,  June  and  November  ; 
February  twenty  eight  alone,  and  all  the  reft  have  thirty  ore. 

When  you  can  divide  the  year  of  our  Lord  by  4,  without  any  remainder,  it  is 
then  Biffextiltfj  or  Leap  Year,  in  which  February  has  25  days. 


4«  TABLES. 

Seconds,    60  zz:          i  Minute. 

3600  —        60  zz:      i  Hour. 
86400" zz:    1440  zz:    24  zz:    i  Day. 
604800  —  10080  zz:  iC8  zz:    7  zz:  i  Week. 
2419200  =  40320  zz:  672  zz  28  zz:  4  zz:  i  Month. 

4.      A.       w.     rf.    A. 
31557600  =r  525960  =  8766  =365     6  —  52     i     6  =r  i  Julian  year.* 

^.      A.      «B.     j. 

.      31558»54  =  S25969  =8766  —  365    6        9-14  =  1  Periodical  year. t 
31556937  —   525948=  8765   —365    5      48      57  =  i  Tropical  year 4 

#.     MOTION. 

60  Seconds                          "]                 f  Prime  minute,  w«rA*rf "  ' 

60  Minutes                            j                 |  Degree,  ° 

30  Degrees                             )>make  i<^  Sign,  s 

1 2  Signs,  or  360  degrees    I  j  /  The  whole  great  circle 

J  L\      of  the  Zodiac.  || 

Seconds,     60  zz:  i  Minute. 

3600  zz:         60  zz:       i  Degree. 
108000  zz:    1800  zz    30  zr    i  Sign. 
1 296000  —  2 1600  zz:  360  zz:  1 2  zz:  Zodiac. 

9.  LAND  or  SQUARE  MEASURE. 
244    Inches  "|  fSquare  foot, 

9    Feet  I     . Yard. 

3o.i  Yards,  or!  

-  role* 


2724  Feet  /  I        . 

L    P,,u«  >make 


40     Poies 


4    Roods,  or  160  Rods,  ~|    I 

*  >  Acre. 

Mile, 


or  4840  yards 


Rood. 


640    Acres 
Inches,  1^4:™  i  Foot. 

1296=  9  =  i  Yard. 

39204==          t?2£c=;          30 1  =  J  Pole, 

1568160==        10890=        1210=          40=         i  Rood. 
6272640—         43560=        4840=         160='      4=       i  Acre. 
4014489600  ==  27878400  zz  3097600  =  162400  =  2560  =  640  =  i  Mile. 

iO.  SOLID 

*  The  civil  folar  year  of  365  days  being  fhort  of  the  true  by  5h.  48m.  57f.  occa. 
firmed  the  beginning  of  the  year  to'  run  forwards  through  th«  feafons  nearly  one  day 
in  four  years.  On  this  account,  Julius  Caefar  ordained  that  one  day  fhould  be  added 
to  February,  every  fourth  year,  by  caufmg  the  241(1  day  to  be  reckoned  twice  ;  and 
becaufe  this  24th  day  was  the  fixth  (fextilis)  before  the  kalends  of  March, there  were, 
in  this  year,  two  of  thele  fext-iles,  which  gave  the  name  of  Biffextile  to  this  year, 
•which,  being  thus  corre&ed,  was  from  thence  called  the  Julian  year. 

t  Ajuft  and  equal  meafure  of  the  year  is  called  the  periodical  year,  as  being  the 
time  of  the  earth's  period  about  the  fun  ;  in  departing  from  any  fixed  point  in  the 
heavens,  and  returning  to  the  fame  again. 

£  The  feveral  points  of  the  Ecliptic  having  a  retrograde,  or  backward  motion,  th« 
Equinox  will,  as  it  were,  meet  the  fun  ;  by  which  mean  the  fun  will  arrive  at  the 
Equinox,  or  firil  point  of  Aries,  before  his  revolution  is  completed,  and  this  fpace 
of  time  is  called  the  tropical  year. 

||  The  Zodiac  is  a  great  circle  of  the  fphere,  containing  the  12  fignsj  through 
whkh  the  fun  paffcs. 


TABLES. 


10.     SOLID     MBASURB.' 


1728  Inches 
27  Feet 

40  Feet  of  round  Timber,  or  1 
50  feet  of  hewn  Timber      J 
128  Solid  Feet,  i.  e.  8  in  length,  4 
in  breadth,  and  4  in  height,      -< 


make  i 


Foot, 
Yard. 

Ton  or  Load. 
Cord  of  Wood, 


I    N    E 


2  Pints 

4  Quarts 
10  Gallons 
18  Gallons 
gi-f-  Gallons 
42  Gallons 
63  Gallons 

2  Hogfheads 

2  Pipes 
Cubic  Inches. 

28-|  zz         i  Pint. 

2  ZZ 


M  E  A  s  u   R   E.t 

f  Quart,          marked  pts.  qts. 
Gallon,  gal. 

Anchor  of  Brandy,       anc, 
Runlet,  run. 

•make  one«^  Half  an  Hogfhead,     £hhd. 
Tierce,  tier. 

Hogfhead,  hh<I. 

Pipe  or  Butt,  P.  or  B. 

_Tun,  Tun* 


57i 

231  zz         B  zz 

9702  zz    336  zz 

14553=  504  = 

19404  zz    072  zz 

2Q1O6  lOO8  ZZ 


168  — 


i  Quart. 

I  Gallon. 

62  zz  i  Tierce. 
-v    3  zz  i-izz  i  Hogfhead. 

336  zz    84  zz  2  zz  i|—  i  Puncheon. 
504  zz  126  zz  3  zz  2  zz  i -I  zz  i  Pipe. 


50212  zz  2016  zz  1008  zz  252  zzbzz4zz3    zz2zz 


12. 

2  Pints 
4  Quarts 

8  Gallons 
8£  Gallons 

9  Gallons 
2  Firkins 

2  Kilderkins 

jA  Barrel,  or  54  Gallons 

2  Barrels 

3  Barrels,  or  2  Hogfheads_ 


A  L  B   or   B  E  E  R    M 


A   S   U   R    E. 


make  i- 


Quart,  marked  pts.  qfs. 

Gallon,  gai» 

Firkin  of  Ale  in  Lond.  A.  fir. 
Firkin  of  Ale  or  Beer, 
Firkin  of  Beer  inLond.B. fir. 
Kilderkin,  kil. 

Barrel,  bar, 

Hogftieadof  Beer,         hhd. 
Puncheon,  pun* 

Butt,  butt. 

BEER. 

*  By  Solid  Meafure  aje  meafured  a!J  things  that  have  length,  breadth  and  depth. 

-r  All  Brandies,  Spirits,  Perry,  Cyder,  Mead,  Vinegar,  Honey,  and  Oil,  are  mefcf~ 
ured  by  Wine  Meafure  :  Honey  is,  commonly,  fold  by  the  pound  Avoirdupois. 

$  Milk  is  fold  by  the  Beer  qwart. 

A  barrel  of  Mackarel,  and  other  barrelled  fifti,  by  an  aft  of  this  Commonwealth, 
is  to  contain  not  lefs  than  30  gallons-, 

In  England,  a  barrel  of  Salmon  or  Eels  is  £2  gallons,  and.  a  barrel  of  Herrings 
32  gallons.  The  gallon  appointed  to  be  ufed  for  measuring  all  kinds  oi :  Liquid* 
la  Irelandj  is  two  hupdrcd  and  feveutctn  Cubic  inches,  and  iix  tenths. 


TABLES. 


36  zz     4  zz  2  zz  i  Barrel. 

54  zz    6  zz  3  zz  i|-  zz  i  Hqgfhead. 


BEER. 
Cubic  Inches. 

35izz 

701-  T-   a  zz   i  Quart. 
282  zz   8  zz   4  zz   i  Gallon. 
2538  zz  72  zz  36  zz   9  zz  i  Firkin. 
5076  zz  144  zz  72  zz  18  zz  2  zz  i  Kilderkin. 
10152  zz  288  zz  144  zz 
15228  zz  432  zz  216  zz 

20304  —  576  —  288  —  72  zz  3  zz  4  zz  2  —  i  run 
30456  rz  864  zz  432  zz  ic8  zz  12  zz  6  zz  3  zz  a  zz  J 

ALB. 

Cubic  Inches. 

35$  zz       i  Pint. 
7o£  zz      2  zz       i  Quart. 
282  zz      8  zz      4  zz    i  Gallon. 
2256  zz    64  zz    32  zz    8  zz  i  Firkin. 
4512  zz  128  zz    64  zz  16  zz  a  zz  i  Kilderkin. 
9024  zz  256  zz  I28zz32zz4zz2zz  i  Barrel. 
13536  zz  384  zz  192  zz  48  zz  6  zz  3  zz  ii  zz  i  Hogfhead, 


Puncheon. 
Butt, 


13.      DRY     MEASUR   E.* 

2  Pints 
2  Quarts 

rQuart, 
Pottle, 

marked  pts.  qts. 
pot. 

2  Pottles 

Gallon, 

gal. 

a.  Gallons 

Peck, 

pk. 

4  Pecks 

Bufliel, 

bu. 

2  Bufhels       I       ,             J  Strike, 
.  Strikes       >makeone<;Coom, 

ftr. 

CO. 

2  Cooms 

Quarter, 

or. 

4  Quarters 

Chaldron 

ch. 

4i  Quarters 

Chaldron 

in  London. 

5  Quarters 

Wey, 

wey. 

2  Weys 

LLaft, 

laft. 

Cubic  Inches. 

268|  zz      i  Gallon. 
537|  zz      2  zz      i  Peck. 
2150-!  zz    '  8  zz       4  zz     i  Bufhel. 
4300^  zzit>zz      8zz2zzi  Strike. 
8boi-|  zz    32  zz     16  zz    4  —    2zz     i  Coom. 
172031- zz    64  zz    32  zz    8zz    4zz     2zz     i  Quarter. 
86016    zz  320  zz  160  zz  40  zz  20  zz  10  zz    5  zz  i  Wey. 
172032    zz  040  zz  320  zz  80  zz  40  zz  20  zz  10  zz  2  zz 

COMPOUND 

*  This  rneafure  is  applied  to  all  dry  goods,  as  Corn,  Seed,  Fruit,  Roots,  Salt, 
Sand.  Oyllers  and  Coals. 

A  Winchcfter  buftcl  is  18$  inches  diameter,  and  8  inches  deep. 


COMPOUND    ADDITION.  49 

COMPOUND      ADDITION 

Is  the  adding  of  feveral  numbers  together,  having  different  de 
nominations,  as  Pounds,  Shillings,  Pence,  &c.  Tons,  Hundreds, 
Quarters,  &c. 

RULE.* 

1.  Place  the  numbers  fo  that  thofe  of  the  fame  denomination 
may  ftand  dire&ly  under  each  other. 

2.  Add  the  firft  Column  or  denomination  together  as  in  whole 
numbers  ;  then  divide  the  fum  by  as  many  of  the  fame  denomin 
ation  as  make  one  of  the  next  greater,  fetting  down  the  remain 
der  under  the  column  added,  and  carry  the  quotient  to  the  next 
fuperior  denomination,  continuing  the  fame  to  the  laft,  which 
add  as  in  fimple  addition. 

i.     MONEY. 
EXAMPLES. 


1. 

2. 

3» 

4- 

£.s. 

d. 

r- 

J. 

d. 

jr. 

£*• 

d.  qr. 

/. 

j. 

^.  qr. 

9  i^ 

10 

47 

*7 

6 

2 

847 

11 

**  3 

9^5 

10 

1O  2 

7  10 

9 

3 

9 

10 

3 

49I 

19 

6  i 

64 

8 

9  i 

o  18 

6 

75 

*3 

9 

i 

59 

6 

1O  9 

5 

16 

"  3 

5  J1 

ii 

4 

11 

1  1 

0 

747 

16 

1  2 

419 

2 

1O  2 

6  o 

8 

0 

16 

8 

2 

849 

12 

1*  3 

49  l 

J9 

11  3 

5  9 

10 

*7 

6 

2 

I 

741 

'7 

8  2 

762 

17 

6  i 

5- 

6. 

7. 

8. 

£.  s.  d.qr. 

£.  s.  d.qr. 

£.  s.  d.qr. 

£.  s.  d.qr. 

479  ii  11  2 
64  17  83 

764  13  10  2 

43  9  8  l 

7  17  10  3 
60  6  8  o 

584  19  10  3 
765  14  8  i 

912  16  10  o 

59  *7  ll  2 

7  15  11  2 

91  17  10  a 

497  5  4  2 

817  16  9  3 

18  19  93 

18  19  63 

69  10  11  3 

762  19  10  i 

91  16  82 

847  13  8  2 

917  692 

419  17  6  2 

918  17  10  3 

918  17  ii  o 

FRENCH     MONEY. 

Note.  1 2  Deniers,  or  Pen ce  "j  C  Sol  or  Shilling. 

20 Sols,  or  Shillings  I       ,        I  Livre,  or  Pound. 
3  Livres,  or  Pounds  |  "  1  Crown  of  exchange. 

6  Livres,  or  Pounds  J  t  Real  Crown,  or  ecu  d'argent. 

Cr. 

*  The  reafon  of  this  Rule  is  evident  from  what  has  been  faid  in  Simple  Addi 
tion  :  For,  in  addition  of  money,  as  i,  in  the  pence,  is  equal  to  4  in  the  farthings  ; 
i ,  in  the  {hillings,  to  1 2  in  the  pence  ;  and  i,  in  the  pounds,  to  20  in  the  {hillings  ; 
therefore,  carrying  as  directed,  is  the  arranging  the  money,  arifing  from  each  col 
umn,  properly,  in  the  fcale  of  denominations  ;  and  this  reafoning  will  hold  good  in 
the  addition  of  compound  numbers,  of  any  denomination  whatever, 

G 


£0             COM  POUND:  ADDITION. 

Cr.  of  cxc.  liv.  fols.   den.  Icud'ar.  liv.  Jots,  den, 

976     2     17     10  567    5     13    it 

379    i     12      6  389    i     19      6 

491     i      o    it  548    4     17     10 

592    2     15      8  632    3     11      9 


DUTCH     MONEY. 

Rote.     8  Phennings  1  f  Groat. 

2  Groats,  or  16  Phennings  >make  i  <  Stiver. 
20  Stivers  ^  Guilder  or  Florin, 

ALSO, 

12  Groats,  or  6  Stivers  \      ,        f  Schilling. 

20  Schillings,  or  6  Guilders  /  n        l\  Pound. 


348 
49* 
749 

12 
»3 
19 

jr.  ^ 
0      § 

i     3 

1     4 

Guild. 
549 
317 
859 
467 

Jliv.    ph. 

ID       12 

13      8 

10      15 

£. 

357 
508 

497 
618 

/A.   £ra. 
18    11 

12         6 

13     10 
17      8 

t* 

R    O 

2.      T 

Y 

WEIGHT. 

w 

2. 

3» 

ft 

oz. 

puts. 

gr* 

ft 

OZ. 

puts. 

£'• 

ft 

oz. 

pwt 

s.  gr. 

767 

10 

S7 

22 

649 

II 

J9 

2O 

859 

9 

»5 

2O 

39 

417 

11 

,6? 

18 

841 

9 

10 

ii 

5 
J9 

437 
640 

lO 

11 

1 

22 
O 

935 

9 

'7 

19 

473 

9 

17 

23 

738 

9 

12 

l8 

478 
387 

10 
9 

g 

22, 

*5 

764 
165 

11 

6 

IO 

9 
J9 

49 
584 

0 
10 

16 
0 

*7 
9 

II 



3« 

A 

V    0    I    R    D 

U    P 

O    I 

s     W 

E    I    C 

T. 

i. 

2. 

a. 

4 

( 

ft    oz. 

dr. 

Cw/.  y  rj.  ft 

T.  Cwt.qrs. 

ft 

r.  Cut. 

.ft 

02.  dr. 

21     9 

12 

6 

*7  3  19 
10    i    27 

S96 

17  i 

'7 

21 

91  17 
J9    9 

2 
O 

25 

A7 

lO   12 

4  15 

X5 

9  2     9 

45 

11  3 

25 

M  13 

2 

o 

9  i* 

22    10 

5 

14  3  16 

57 

l6    2 

*9 

47  11 

3 

i9 

14    o 

.!«    13 

12 

2206 

75 

17  3 

17 

69     0 

i 

o 

O    12 

6  11 

IO 

15  2    ° 

6 

19  o 

26 

77  >9 

3 

27 

15    I* 

4*  APOTHECARIES* 


COMPOUND    ADDITION.          51 
4.   APOTHECARIES'    WEIGHT. 

2.  3-  *• 

5  5  9  £*••  *   I    5:0  ^«  &  §  3  9£r« 
10  7  2  19  12  11  6  i  15  593s 

6  3  o  12  4910  12  4860  19 

7  6  i  17  91  10  7  2  16  9  10  5  a  i 
O  5  2  12  4    8  i  2  19  6    5  6  i   17 
6  j  o  16  6    o  o  i  10  894^0 
932  19  49216  710  i  17 


S.     CLOTH     MEASURE. 


6.  LONG  MEASURE, 

i.              2.  3.  4.                         5. 

Ft.  in.  bar.  Yd. ft.  in.  Pol.  ft.   in.  Mil. fur. pot.  D<g.mi.jur,fot.ft.in.fr. 

9112  7311  121110  9  7  36  759  56  6  20  15  10  2 

691  416  9  16    9  7  3  19  317  39  l  36  ll     6  t 

7    02  6  o  to  81211  4  i  24  497  ^3  7  24  9    8  i 

8100  729  7  15    6  6  5  ia  562  17  o  n  13  11  o 

962  8  i   10  4  14    9  469  64     48  5  17  9    4  » 

7  10  2  9  2^11  5  11  11  5  i   10  7^4  52  4  J9  *5  ll  * 


7.  TIME, 

1.                                     2.  3.  4. 

T7.  d.  k.    m.    1.  Me.   d.    h.    m.  Y.   mo.   d.  K  mo.  w.  rf.   k.     n,    s. 

3  6  22  57  42  5  24  19  45  19  10  19  57  u  3  6  23  29  55 

1  5  *9'3l*£&  4  27  21  35  7  9  27  4  8  i  i  19  45  38 

2  3  *7  9  ^5  9  18  o  12  4  8  16  29  9  2  3  17  18  19 
:3  o  9  17'  58  4  19  23  19  in  14  46  10  2  5  1 1  5°  JS 

1  i  16  19  10  8  11  12  13  17  6  9  19  92  i  16  18  17 

2  2  20  53  48  9  19  8  29  12  5  20  45  9  3  5  18  17  59 


8,  MOTION, 


COMPOUND     ADDITION. 
8.    MOTION, 


V0  55'    48" 

o       37       51 

28     19     45 
*9     '9    37 


*5°  49'  Si' 

4  21  a6 

19  47  18 

25  25  39 


9*  29°  35'  53" 

jo  o    18  31 

4  J7    33  42 

6  19    50      o 


9.     LAND    or    SQUARE    MEASURE, 


Pol.  feet.     in. 

36  '79  *37 

19  24^  119 

"     96    75 

28  no  122 

9  269     24 

25  221     143' 


1. 

Ton.  feet.  in. 

29     36  1229 

12       19  64 

8        3 l  917 

19   8  1001 

5   o  523 

17  39  1119 


2.  -» 
Yds.  ft.  in. 
.28  7  119 

9  3  75 

29  6  120 

4  8  12 


3« 

Acres,  rood.  pol.  feet.    in. 

756  3  37  245  128 

29  i  28  93  25 

416  2  31  128  119 

37  i  19  218  20 

61  o  o  92  103 

191   i  25  129  136 


10.     SOLID  MEASUR 

Yds.  /«*.  Ifr 

75     22  1412 

9     *6       *95    t 

3     19  1°9i     ' 

2tf       15  1110 

49     24      218 

18     17  1225 


CSrd.  feet.  in. 

37  119  1015 

9  ll°  159 

48  127  1071 

'8  in  956 

21  9  27 

9  28  1091 


11.       W 


1. 

Tier.  gal.  qts.  pts, 
37      39     3 

9     17     2 
4     2 


o    o 


32    19    1 
903 

12       40       1 


M    S    A    S    U    R    E. 


2. 

Hhd.   gal.    qt$.  pts 

5l     53     '     l 
27    39    3    o 

9     18    o     i 

0921 

16     24     i     i 

5030 


Ton.  hhd.  gal. 


37 
i 


19    o 

37     i 

14       2 


37  2 

59  * 

o  o 

47  * 

J7  3 

48  2 


12.  ALE 
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12.  ALE   and   BEER  MEASURE. 

i.  2.  3- 

A.  B.  jr.  gal.  S.  B.Jir.  gal.  Hhd.  gal.  qts. 

49    3     7  a9     J     8  379  53  3 

26  2     3  19    35  19  o  i 
904  16    o    3  121  37  2 

•  730  918  467  19  i 

27  i     6  14     2    o  591  16  o 
19    3     7  17     i     5  75  o  2 


13.     DRY     ME^ASURE. 

x.  2.  3. 

Qrs.   bu.  p.     qt.  £us.   p.     <//.    pt.  f*.       bu*     p.  qts. 

64     7    3     7  37     2     5     A  37     27     3     5 

9415  19     3     7     °  -?  -w  6     29     l     7 

19      6      2       1  l6      2      O       1  -15       OO      O      O 

4020  5161  4113o 

17    306  9030  5010 

9534  19     301  2021 


COMPOUND.    SUBTRACTION 

Teaches  to  find  the  difference,  inequality,  or  excefs,  between 
any  two  fums  of  divers  denominations, 

RULE.* 

Place  thofe  numbers  under  each  other,  which  are  of  the  fame 
denomination,  the  lefs  being  below  the  greater  ;  begin  with  the 
lead  denomination,  and,  if  it  exceed  the  figure  over  it,  borrow  as 
many  units  as  make  one  of  the  next  greater  ;  fubtracl;  it  there 
from  ;  and  to  the  difference  add  .the  upper  figure,  remembering, 
always,  to  add  one  to  the  next  fuperior  denomination,  for  that 
which  you  borrowed. 

i.     MONEY. 

I.  2. 

£.         s.      d.  qr.  £.  s.       d.     qr. 

Borrowed  349     15     6  i  Lent  791       981 

Paid  195     11     8  i  Received   197  16     4     2 

Remains  to  pay  154      3  10    o  Due  to  me 


Proof 


3- 

*  The  reafon  of  this  Rule  will  readily  appear,  from  what  was  faid  in  Simple 
Subtraftion  ;  for  the  borrowing  depends  upon  the  fame  principle,  and  is  only  dif 
ferent,  aj  the  number*  to  be  fubtradei  arc  of  different  denominations. 
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£.  s.  d.  qr.  £.  s.  d.  qr.  £.  s.  d,  or. 
From  439  9  10  i  843  12  i  3  569  7  5  E 
Take  190  o  10  3  746  15  o  2  508  16  4  o 


Rem, 


6.  7. 

£.         s.     d.  £.        t.    d.qr. 

Borrowed  19372  12     6  Lent  27109     583 


Paid  at    f  293   16     8  O 
74     9    7  2 

r     j     J  9<M3  M     °  * 


Paid  at    f  293  16     8  o  Received  fsi96  15   10  o 

2  384  17     6  2 

o  i  at  J  4187   18  i i   i 

i  |  1649  ^    80 

|  3914  19    o  o  917    9  10  3 

times,     ^1064  17     9  i  times.  L3J9^     021 

Paid  in  all  Rec.  in  ail 


Remains  to  >  Remains  due 
be  paid     ) 

2.     TROY     WEIGHT. 

i.  2.                                     g. 

ft    cz.  pwt.  gr*  ft   oz.pwt.gr,                    ft   oz.pwt.gr. 

Bought  749  5  13  16  379  8  12  10               543  3    9  13 

Sold        96  9  1.9  13  148  4  l6  *9                *79  l  *5  t8 


AVOIRDUPOIS     WEIGHT. 


i. 

2. 

8. 

ft    cz.  dr. 

r.  ijr.  ft 

7\  ca'/.  ^  r. 

ft 

Bought 

7     9  '* 

8 

2    13 

5 

'3  ' 

12 

Sold 

3  12     9 

4 

1    15 

i 

12    2 

-17 

Rem. 

4. 


T.  cart.  yr.  ft  ex.  dr. 
9  ii  3  17  5  12 
3  12  i  19  10  9 


APOTHECARIES.'     WEIGHT. 


i.  2.  3. 

ft      5     3  B  gr.  ft  ?     3,  9  *'•  ft  §  3    -9  gr. 

71     9     3  i  13  65  10     6  2  10  84  i  t     i  i 

37     8     4  i  16  31  8    4  2  9  65  9  3     l  17 

5,  CLOTH 
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5,     CLOTH     MXASU&X. 


I. 

2. 

3- 

4^ 

Yds.  yr. 

»• 

£.E.  qr. 

n« 

£.Fl. 

?r» 

». 

£.  Fr. 

ft. 

35  * 

2 

467  3 

i 

765 

1 

3 

549 

4 

2 

'9  / 

3 

291  3 

2 

»49 

2 

i 

»97 

4 

3 

M 

6.  L  o 

N  G 

£  A 

S  U 

R  £. 

i. 

2. 

3- 

4* 

Yds.ft. 

?ft. 

JW./f.  in. 

Mil.J*r. 

pot. 

Deg. 

m.fur 

•  p.  yds.  ft. 

in.  bar. 

28  2 

lO 

21  11  9 

76 

3 

11 

3$ 

41  3 

29  2  1 

1  « 

17  2 

11 

9  13  8 

27 

3 

21 

'9 

35  5 

3i  3  * 

9  i 

7.    TIM  B. 

i.                           2.                  3.  4. 

Afo.rf.   A.    «.     j.        Jlfo.a>.</.    k.          Y.vo.d.  Y.mo.w.d.   h.    m.     s. 

6  17  ig  27  19        9  2  5  15        7  3  13  48  9  2  5  19  27  St 

i  21  16  41  35        4  3  5  15        4  2  19  19  9  3  4  20  19  49 


8  MOTION. 

i.  2.  3. 

79°  21'   31"  6s  11°    ia'   48"  45   19°   41'   22" 

41     41     52  3  8     39    29  i     22     19    45 


9.     LAND  or  SQUARE     MEASURE, 

i.  2.  3. 

w*.     ^.    Pa/.  >f.  R.    Pol.  A.     R.    Pol.      ft.       i*. 

29     i     iO  29  2     17  56    3     19      27     no 

24      1       25  17  1       36  29      O      21       2lO       1«9 


10.  SOLID     MEASURE. 

i.  2.  3 

Tons-,    ft.        in.  Ydsi    //.        in.  Cords,     ft. 

49     19     noo  79     11       917  349      97 

30    36     1296  17     25     1095  -192     127     1349 


ix,  WINE 
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ii.     WINE     MEASURE. 


i.                              2-                            3- 

Tun.  gal.  qt.   pt.        Tier.   gal.     qtt        Hhd,     gal. 

79     i     2     i         19     17     i         375     41 

38       I       3       1             12      29       2             197       36 

4- 

qt.         Tun.   hhd.  gdl, 

2        532     »     »9 

3        197     »     47 

12.      A    L    1 
1. 

A.B.Jir.  gal.    qtt 

39     i     2     i 

24     3    6     2 

i    and    BEER     ME 

2. 

B.  B.  Jir,  gal.  qls.  pts. 
21     3    5     2     o 
19     i     7     2     i 

A    S    U    R    E. 

Hkds.    gal.    qt) 
769      17      i 

39l     42     3 

i. 

Qtt.    bu.    pk.    qt. 
^6      2       2       l 

39    3     i     2 

DRY     MEASU 

2. 

Bu.    pk.  qts.  pts. 

9l     l     3     a 

29       2       1       1 

R    E. 

3' 

Ga/.    bu.     pk.  qts, 

39     12     2     i 
24    25     3     2 

PROBLEMS 
Rtfulting  from  a  Companion  of  the  preceding  Rules. 

PROB.  i.   Having  the  fum  of  two  numbers,  and  one  of  them 
given,  to  find  the  other. 

Rult.  Subtraft  the  given  number  from  the  given  fum,  and  the 
remainder  will  be  the  number  required. 

Let  288  be  the  fum  of  two  num-      Fr°ni  a88  the  Sum, 
be.rs  ;  one  of  which  is   115,  the      Take  1 15  the  given  number, 
other  is  required  ?  Remains  173  the  other. 

PROB.  2.  Having  the  greater  of;  two  numbers,  and  the  differ 
ence  between  that  and  the  lefs  given,  to  find  the  lefs. 

Ruk.  Subtraft  the  one  from  the  other.     % 

Let  the  greater  number  be  325,and      *  From  325  the  greater, 
the  difference  between  that  and  the         Take  ^ the  difference, 
other,  198  :  What  is  the  other  ?  Rem.  127  the  lefs. 

PROB.  3.  Having  the  leafl  of  two  numbers  given,  and  the  dif 
ference  between  that  and  a  greater,  t©  find  the  greater. 

Rule.  Add  them  together. 

r  \         f   I27  ljie  le*s  number. 
GlVen   i   198  the  difference. 

Sum  325  the  greater  number  required. 

PROB.  4.  Having  the  fum  and  difference  of  two  numbers  giv- 
«*n,  to  find  thofe  numbers," 

Rule. 
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Rule.  To  half  the  fum  add  half  the  difference,  and  the  fum  is 
the  greater,  and  from  half  the  fum  take  half  the  difference,  and 
the  remainder  is  the  lefs.  Or,  from  the  fum  take  the  difference, 
and  half  the  remainder  is  the  leaft  :  To  the  leaft  add  the  given 
difference,  and  the  fum  is  the  greateft. 

What  are  thofe  two  numbers,  whofe  fum  is  48,  and  difference  1 4  ? 
2)48  2)14  24-1-711:31  the  greater,&  24 — 7=17  the  lefs. 

f  fumzz24  fdiff.r±7  Or  48— -14-1.221:17,  &  17-4-14=131. 

PROB.  5.  Having  the  fum  of  two  numbers  and  the  difference 
of  their  fquares  given,  to  find  thofe  numbers. 

Rule.  Divide  the  difference  of  their  fquares  by  the  fum  of  the 
numbers,  and  the  quotient  will  be  their  difference  :  You  will 
then  have  their  fum  and  difference  to  find  the  numbers  by  Prob.  4. 

What  two  numbers  are  thofe,  whofe  fum  is  32,  and  the  differ 
ence  of  whofe  fqu-ares  is  256  ?  Half  fum  16 

Half  diff.  j 

32)256(8  difference.  Greater     20 

256  Lefs  1 2 

PROB.  6.  Having  the  difference  of  two  numbers  and  the  differ 
ence  of  their  fquares  given,  to  find  thofe  numbers. 

Rule.  Divide  the  difference  of  their  fquares  by  the  difference 
of  the  numbers,  and  the  quotient  will  be  their  fum  ;  then  pro 
ceed  by  Prob.  4. 

What  are  thofe  two  numbers,  whofe  difference  is  20,  and  the 
difference  of  whofe  fquares  is  2000  ? 
20) 2000(100  fum.  5O-f.iOzr6o,  the  greater,  &5O — iccr4O,  the  lefs. 

For  more  Queftions  of  this  nature,  fee  Mifcell.  Quef.  Prob 
lems  46,  47,  48  and  49  ;  but,  as  the  extraction  of  the  iquare  root 
is  there  concerned,  they  could  not  be  admitted  here. 

PROB.  7.  Having  the  product  of  two  numbers,  and  one  of 
them  given,  to  find  the  other. 

Rule.  Divide  the  produft  by  the  given  number,  and  the  quo 
tient  will  be  the  number  required. 

Let  the  product  of  two  numbers  be  288,  8)288 

and  one  of  them  8  ;  I  demand  the  other  ?  Anfw.  ""06" 

PROS.  8.  Having  the  dividend  and  quotient,  to  find  the  divifor. 

Rule.    Divide  the  dividend  by  the  quotient. 

COR.     Hence  we  get  another  method  of  proving  Divifion. 
r.          f  288  the  Dividend.                          36)288(8  Divifor. 
Glven  i    36  the  Quotient.                              288 
Required 'the  Divifor. 

PROB.  9.  Having  the  Divifor  and  Quotient  given,  to  find  the 
Dividend. 

Rule.     Multiply  them  together, 

H  Given 
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f     8  the  Divifor.  36 

jlVen  1   36  the  Quotient.  8 

Required  the  Dividend.  2§8  the  Dividend. 

By  a  due  confideratio-n  and  application  of  thefe  Problems  on 
ly,  many  queftions  (of  which  kind  are  fome  of  the  following) 
may  be  relolved  in  a  fliort  and  elegant  manner,  although  fome  of 
them  are  generally  fuppofed  to  belong  to  higher  rules. 

APPLICATION  of  the  preceding  Rules. 

1.  The  lead  of  two  numbers  is  19418,  and  the  difference  be 
tween  them  is  2384  :  What  is  the  greater,  and  fum  of  both  ? 

19418-1-2384:^:21802  greater,  and  j94i8-f-21§O2zr4i22O  fum. 

2.  Suppofe  a  man  born  in  the  year  1743  >   when}  will  he  be  57 
years  of  age  ?  17434-57—  1800  Anf. 

3.  What  number  is  that,  which,  being  added  to  19418,  will 
make  21802  ?  21802 — 194 18:1:23 84  Anf. 

4.  Gen.  Wajkington  was  born  in  1732  ;  what  is  his  age  in  1787  ? 

1787—1732—  55  Anf. 

5.  America  was  difcovered  by  Columbus  in  1492  and  its  Inde 
pendence  declared   in    1776  :    How  many  years   have  elapfed 
between  thofe  two  j£ras  ?  177^ — 1492^1:  284  Anf. 

6.  The  Ma  (fee  re  at  Boiton,  by  the  Britifh  Troops,  happened, 
March  5th,  1770.  and  the  Battle  at  Lexington,  April  igth,  1775  : 
How  long  between  ? 

April  i9th,  1775 — March  5th,  i77Orr5y.  im.  i4d.  Anf. 

7.  Gen.  Burgoyne  and  his  army  were  captured  October  I7th, 
1777,  and  Earl  Cornwallis  and  his  army,  Oftober  19th,  1781  : 
What  fpace  of  time  between  ? 

Oct.  19th,  1781  —  O6t.  ipth, 1777  —  4  years  and  2  days,  Anf. 

8.  The  war  between  America  and  England  commenced  April 
i9th,  1775,  arrd  a  general  peace  took  place  January  2Oth,  1783  ; 
How  long  did  the  war  continue  ? 

January  2Oth,  1783 — April  19th,  i^^^n^y.  9m.  id.  Anf. 

9.  A,  B,  C  and  D  purchafed  a  quantity  of  goods  in  partner- 
fhip  ;  A  paid  £ .12  IQS.  a  doliar'and  a  crown   piece  ;  B,  355.  C 
29^.  lOd.  and  D,  79^. :  What  did  the  goods  cofl  ?     Anf. £ .16  14.  i. 

10.  A  man  borrowed,  at  different  times,  thefe  feveral  iums,  viz. 
£.z<)5s.£.i%  17^.6^.^.45  izs.  £. 98,  3  dollars,  onecrown  piece 
and  an  half  ;  pray  how  much  was  he  in  debt  ?     Anf.  £.193  2  6. 

\i.  There  are  4  numbers  ;  the  firft  317,  the  fecond  912,  the 
third  1229,  and  the  fourth  as  much  as  the  other  three,  abating 
97  :  What  is  the  fum  of  them  all  ?  Anf.  4819. 

12.  Bought  a  quantity  of  goods  for  £.125  lOs.  paid  for  truck 
age  45-r.  for  freight  79?.  6d.  for  duties  35^.  icd.  and  my  expenfes 
were  53 r.  9^.  :  What  did  the  goods  ftand  me  in  ?   An/.  ^.136  4  i. 

13.  A  Gentleman  left  his  fon  £'.1725  more  than  his  daughter, 
\vhofe  fortune  was  1.5  thouiand,  15  hundred  and  15    pounds  : 

What 
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Wh*t  was  the  fon's  portion,  and  what  did  the   whole  eftate 
amount  to  ? 
Anf.  The  fon's  fortune,/* .18240,  and  the  whol  eeftate  £.34755* 

14.  A  merchant  had  6  debtors,  who  together  owed  him  £*.1^917 
10s.  6d.     A,  B,  C,  D  and  E,  owed  him  £.1675  13*.  gd.  of  it  : 
What  was  F's  debt  ?  Anf.  1241  16  9. 

15.  What  is  the  difference  between  ,£".1309  7*.   id.  and  the 
amount  of  £.345  13^.  ±d.  and  £.571  $s.  8d.  ?    Anf.  £-392  .9  *• 

16.  A  Merchant,  at  his  firft  engaging    in.  trade,  owed  £"-937 
155.  he  had  incaih  ^'.1755  Qs.6d.  in  goods  £.459  i2s.  $d.  in  good 
debts  £.197   i6.r.  and  he  cleared  the   nrft  year  £.249    19   1O- 
What  was  the  neat  balance  at  the  year's  end?  Anf.  £.1724  167. 

17.  What  fum  of  money  mufl  be  divided  between  12  men,  to 
as  that  each  may  receive  £.155  ?  £««55X  12—1860  Ans. 

18.  What  number  mud  I  multiply  by  9,  that  the  produft  may 
be  675  ?  675-7-9—75  Anf. 

19.  A  Privateer  of  175  men  took  a  prize,  which  amounted  to 
£.59  per  man,  bolide  the  owner's  half  :   What  was  the  value  of 
the  prize  ?  175X59X  2— £'.20650  Anf. 

20.  What  is-  the  difference  between   thrice  five  and  thirty  : 
and  thrice  thirty  five  ?  35X3—  5X3+301=60  Ans. 

21.  The  fum  of  two  numbers  is  750  ;  the  lefs  248  :   What  is 
their  difference,  product  and  the  fquare  of  their  difference  •?* 

750 — 248—502  the  greater  number,  502 — 248=r254-difFerence, 
502  X  248—124496  produft,  and  254 x  254:1164516  fquare  of  the 
difference. 

22.  What  is  the  difference  between  fix  dozen  dozen,  and  half 
a  dozen  dozen  ;  and  what  is  their  product,  and  the  quotient  of 
the  greater  by  the  lefs  ?  Anf.  ox  12X1 2 — 6x  1 22=792  diff. 
6xi2Xi2X6x  121=62208  product,  and  6x  12X  i2-~6x  12=112 
quotient. 

23.  There  are  two  numbers  ;  the  greater  of  them  is  25  times 
78,  and  their  difference  is  9  times  15  ;  their  fum  and  product 
are  required.  _ 

Anf.  78x251=1950  the  greater,  1950 — 15  X9  =  i8i5  the  lefs. 
19504-1815=337651110  fum,  and  1950x^8 15=13539250  the  prod. 

24.  A  Merchant  began  trade   with  ^.25327  •  for  6  years  to 
gether,  he  cleared  £".1253  per  annum  ;  the  next  5  years,  he  clear 
ed  £".1729  per  annum  ;  but,  the  laft  4  years,  had  the  misfortune 
to  lofe  ^.3019  per  annum  :  What  was  he  worth  at  the  15  years' 
end?  -^.£.29414. 

25.  If  a  man  fpends  £.192  in  a  year  :  What  is  that  per  cal 
endar  month  ?  192^-12  =r£.  16  Anf. 

26.  If  the  Federal  Debt,  which  is  42  million  dollars,lbe  equal 
ly  divided  between  the  13   States  ;    What  will  be  the  fhare  of 

?  AnJ.  3230769-^  dollars. 

27.  If 
*  A  Number  is  faid  to  be  fquared,  when  it  is  multiplied  into  itfeJf. 
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27.  If  9000  men  march  in  a  column  of  750  deep  :  How  many 
march  abreaft  ?  9000-:- 7  50— 12  Anf. 

28.  What  number,  deducted  from  the  32d  part  of  3072,  will 
leave  the  96th  part  of  the  fame  ?  30724.32—32—64  Anf. 

29.  What  number  is  that,  which,  multiplied  by  3589,  will  pro- 
duce  92050672  ?  9205067 2-7-3589=25648  Anf. 

30.  Suppofe  the  quotient  arifing  from  the  divifion  of  two  num 
bers  to  be  5379,  the  divifor  37625  :  What  is  the  dividend,  if  the 
remainder  came  out  9357  ? 

37625X53794-9357—.20.2394232  Anf. 

31.  There  is  a  certain  number,  which  being  divided  by  7,  the 
quotient  refulting  multiplied  by  3,  that  produft  divided    by  5, 
from  the  quotient  20  being  fubtrafted  ;  and  30  added  to  the  re 
mainder,  the  half  fum  fhall  make  35  :  Can  you  tell  me  the  num.* 

Der  ?  gJTx  2—30+ 20X5X7—3—  7°°  ArJ* 

32.  A  fheepfold  was   robbed  three  nights  fucceflively  ;  the 
firft  night,  half  the  fheep  were  ftolen,  and  half  a  fheep  more  ; 
the  fecond,  half  the  remainder  were  loft,  and  half  a  fheep  more  ; 
the  lad  night    they  took  half  what  were   left  and  half  a  fheep 
more  ;  by  which   time   they  were   reduced  to  30  :   How   many 
were  there  at  firft  ? 

Begin  with  30,  and,  reckoning  back  from  the  laft  night  to  the 
firft,  you  will  find  that  31  were  ftolen  the  3d  night,  62  the  sd, 
and  124  the  firft.  Anf.  247. 

33.  Two  boys,  A  and  B,   had   850  chefnuts    between   them  ; 
but  A  had  150  more  than  B  :    How  many  had  each  ?" 

850—2—425  half  fum,  and  1504-2—75  half  diff.  then  4254- 
75—500  A's,  and  425— 75—  350  B's. 

34.  A  and  B  played  at  marbles,  having  14  apiece  at  the  firft  ; 
but  after  playing  feveral  games,  B,  having  loft  fome  of  his,  would 
play  no  longer,  and  it  was  found  that  the  difference  of  the  fquares 
of  the  numbers,  which  each  then  had,  was  336  :    Pray,  how  ma 
ny  did  B  lofe  ? 

144-14—28  fum,  336-1-28—12  diff.  28—2:^:14  half  fum,  and 
i2-f-2— -6  half  diff.  then  144-6  —  20  A  retired  with,  and  14 — 6= 
8  B  had  left,  therefore  B  loft  14—8—6.  _ 

35.  Said  Harry  to  Charles,  My  father  gave  me  12  more  apples 
than  he  gave  my  brother  Jack,  and  the  difference  of  the  fquares 
of  our  feparate  parcels  was  288  :  Now,  if  you  are  Arithmetician 
enough  to  fell  how  many  he  gave  us,  each,  you  fhall  have  half 
of  mine  ? 

288-:-i2rr24  the  whole:  24-7-2—12  and  124-2—6,  then  12 
4-6—i8—  Harry's  fhare,  and  12  —  6—6—  Jack's  fhare. 

36.  What  number  added  to  the  27th  part  of  6615,  will  make 

57°— 66^-?27=325  Anf. 
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REDUCTION 

Teaches  to  bring,  or  exchange,  numbers  of  one  denomination 
to  others  of  different  denominations,  retaining  the  fame  value. 

It  is  of  two  forts,  viz.  Defcending  and  Afcending  ;  the  former 
of  which  is  performed  by  multiplication,  and  the  latter,  by  di- 
viiion. 

REDUCTION    DESCENDING. 

RULE.* 

Multiply  the  higheft  denomination,  given,  by  fo  many  of  the 
next  lefs  as  make  one  of  that  greater,  and  thus  continue  until 
you  have  brought  it  d©wn  as  low  as  your  queftion  requires. 

PROOF.  Change  the  order  of  the  queftion,  and  divide  your 
laft  product  by  the  laft  multiplier,  and  fo  on. 

EXAMPLES. 

i.  In  £^.27  15-r.  gd.  zqrs.  how  many  farthings  ? 
£.      s.     d.  qr. 
27     15     9     2 
multiplied  by  20  ~Jkiuings  in  a  pound. 

555  —  fallings. 
.  by     12  —pence  in  ajhilling. 

6669  —  pence. 
•—  by        4  —farthings  in  a  penny. 

Anf.     —  26678 farthings. 

NOTE.  In  multiplying  by  20,  I  added  in  the   15^.  by  12,  the 
gd.  and  by  4,  the  zqrs.  which  muft  alway  be  done  in  like  cafes. 
To  prove  the  above  queftion,  change   the  order  of  it,  and  it 
will  ftand  thus  :  In  26678  farthings  how  many  pounds  ? 
4)26678 

12)6669  zqrs. 

21°)55|5  9^- 

Anfuer,  £.27   15  9  2 

2.  In  JT. 36  izs.  iod.  iqr.  how  many  farthings  ?  Anf.  35177. 

3.  In  ^.95   us.  $d.  3jT,  how  many  farthings  ?  Anft  91751. 

4.  111^.719  gs.  lid.  how  many  halfpence  ?  Anf.  345358. 

5.  In  29  guineas,  at  28^.  how  many  pence  ?  Anf.  9744. 

6.  In 

*  The  reafon  of  this  Ruleis  exceedingly  obvious  ;  for  pounds  are,brought  into  mil 
lings  by  multiplying  them  by  20  ;  millings  into  pence  by  multiplying  them  by  12  ; 
and  pence  into  farthings  by  multiplying  them  by  4 ;  and  the  contrary  by  divifion ; 
and  this  will  be  Uue  in  the  reduction  of  numbers  confifting  of  any  denomination 
•whatever, 
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6.  In  37  pifloles,  at  22^.  how  many  {hillings,  pence  and  Far 
things.  AnJ\  814^.   9768^.  39072^™. 

7.  in  49  half  Johannes,  at  48^.  how  many  fixpences  ? 

Anf.  4704. 

8.  In  473  French  crowns,  at  6j.  8c/.  how  many  threepences  ? 

v4?z/.   12613-!-. 

9.  In  53  moidoreSj  at  36^.  how  many  fhillings,   peace,  and 
farthings  ?  Anf.   1908^.  22896^.  91584^™. 

10.  In  £".29  how  many  groats,  threepences,  pence  and   far- 
frtaings  ?          Anf.   ij  40  groats,   2320  threepences,  6960^.   278409™. 

11.  Reduce    47  guineas  and  one  fourth  of  a  guinea  into  {hil 
lings,    fixpences,     groats,     threepences,    twopences,   pence  and 
farthings.  An/,   1323  //u7/.  2646  fixpences,  39&Q  groats,  5292 
threepences,  7938  ttuopences, 


REDUCTION  ASCENDING. 
RULE. 

Divide  the  lowed  denomination  given,  by  fo  many  of  that 
name,  as  make  one  of  the  next  higher,  and  thus  continue  till  you 
liave  brought  it  into  that  denomination  which  your  queftion  re- 
ouii-es. 

EXAMPLES. 

1.  In  547325  farthings  how  many  pence,  {hillings  and  pounds? 
bankings  in  a  penny  ~  4}547325 

Pence  in  afkilling  m  12)136831      i  qr. 

Shillings  in  a  pound  rr  z\O:  1  140(2     jd. 

/\5?0  21-.   nd.   \qr. 
Anf.  136831^.   i  J402J.  and  £.573 

Note.  The  remairideris  always  of  the  lame  name  as  the  dividend. 

2.  Bring  35177  farthings  into  pounds. 

3.  liring  91751  farthings  into  pence,  &c. 

4.  Bring  345358  half  pence  into  pence,  {hillings  and  pounds. 

5.  Reduce  9744  pence  to  guineas,  at  28^.  per  guinea. 

6.  In  39072  farthings  how  rnjpy  pi  doles,  at  22  s.  ? 

7.  In  4704  fixpences  how  many  half  Johannes  ? 

8.  In  1  26  f  3!-  threepences  how  many  French  crowns,  at  6s.  8d? 

9.  11191584  farthings  how  many  moidores,  at  36*.  ? 

fO.  In  27840  farthings  how  many  pence,  threepences,  groats, 
fhillings  and  pounds  ? 

ii.  In-  63504  faichingshow  many  pence,  twopences,  three 
pences,  groats,  iixpcnces,  {hillings  and  guineas  ? 

Note..  The  preceding  c^ueftions  may  ierve  as  proofs  to  thofe  in 
Reduction  defcending. 

REDUCTION 
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REDUCTION   DESCENDING  and    ASCENDING. 
i.    MONEY. 

1.  In  ^.97  how  many  pence  and  Englifli  or  French  crowns, 
fit  6s.  %d,  ?  Anf.  23280^.  and  291  er#2y,»j, 

2.  In  947  Englifh  crowns,  at  6s.  8d.  how  many  (hillings,  arid 
Englifh  guineas  ?  Anf,  6313*.  ^d.  and  225  guin.  135.  Ad* 

3.  In  519  Englifh  half  crowns  how  many  pence  and  pounds? 

AnJ.  20760^.  and  £.$6  lOj. 

4.  In  1259  groats  how  many  farthings,   pence,   (hillings  and 
guineas  ?     Anf.  201  44^™.  5030^.  419^.  %d.  and   14  guin.  27^.  8^*. 

5.  In  75  piftoles  how  many  pounds  ?  Anf.  £.%2   io*v 

6.  In  735  French  crowns    how  many  {hillings  and   French 
guineas,  at  26.$-.  8d.  Anf.  4900^.  and  l8sgvin.*Qf. 

7.  In  5793  pence  how  many  farthings,  pounds  and  piftoles  ? 

Anf.  23172^^.^.24  2.s.  yd.  and  2.1  pijloles^  20  f.  9^* 

8.  In  ^.99  how  many  fhillings,  and  half  Johannes,  at  48^  ? 

Anf.  i^SoJ.  and  41  half  jots.  12** 

9.  In/*i79  how  many  guineas  ?  Anf.  127  guin.  243-. 

10.  In  ^.345  how  many  moidores  ?  Anf.  191  moid.  24^, 

11.  In  59  half  joes,  37  moidores,  45  guineas,  63  piftoles,  24  En- 
gliih  crowns,  and  19  dollars  ;  how  many  pounds,  half  joes,  moi~- 
dores,  guineas,  piftoles,  Englifh  crowns,  dollars,  fhillings,  pence 
and  farthings  ? 

Anf.  ^.354  4-f.  147  half  jces,  z$s.  196  mcidcres.  s&s.  253  gxtitx- 
eaSj  322  pi/tales  ;  1062  Eng.  crowns,  4^.  ia8o  dollar  s+  4$.  70^4  At£- 
lings,  85008^.  ^zn^  340032^^. 

When  it  is  required  to  know  how  many  forts  of  coin,  of  dif 
ferent  values,  and  of  equal  number,  are  contained  in  any  number 
of  another  kind  ;  reduce  the  feveral  forts  of  coin  into  theloweli 
denomination  mentioned,  and  add  them  together  for  a  div 
then  reduce  the  money  given,  into  the  fame  denomination  fora 
dividend,  and  the  quotient,  arifing  from  the  diviiion,  will  be  the 
number  required. 

Note.  Obferve  the  fame  direction  in  weights  and  meafurcs, 

i.   In  275  half  Johannes  how  many  moidores,  guineas,  piftoies, 
dollars,  fhillings  and  fixpences,  of  each  the  like  number  ? 
A  moidore  is  36,.  1       fxf  £?5 

that  is  j  '    * 


A  guinea  is   28^.    .7     fi     ,.  2200 

that  is  56   ditto. 


A  piftole  is  22J,     "1  ..                            1*200 

that  is                     /  44  «                                    £jixp:i#*JKtt. 

A  dollar  is  6s.       "1  ,. 
that  ist                     j 

One  milling  has    "  a.do.     187)26400(141  of  each,  and  %%Jixp.  cr 
i  do,                           16^.  6d.  vi>er}  tkz 

Divifor  n: 
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2.  A  Gentleman  diflributed/*.37.  IQS.  between  4  poor  perfons^ 

in  the  following  manner,  viz.  that  as  often  as  the  firft  had  2os. 

the  fecond  fhould  have   151.  the  third,  ios.  and  the  fourth,  5^, 

What  did  each  perfon  receive  ?  Anf.  Thtjirjl  man  £.15* 

TIIOY     WEIGHT. 

1.  How  many  grs.  in  a  filver  bowl,  that  weighs  3$  1002.  ifi 

puts.  ?  ft      oz.    prat. 

3     JO     17 

12  ounces  in  a  pound. 

46  ounces. 

20  pennyweights  in  an  ounce. 

932  pennyweights. 
24  grains  in  one  pwt. 

3728 
1864 

Proof.  24)22368  grains^  anfwer. 

2|o)93|2 
12)  46—12  pwt. 
ft  3 — 10  oz. 

2.  In  487  ozs.  how  manypwts.  &grs.  ?  Anf.gfj4opti)t.^2^^6ogr. 

3.  In  13  ingots  of  gold,  each  weighing  902.  §pwt.  how  many 
grains  ?  Anf.  57720  gr. 

4.  In  97  397^^.  how  many  pounds?  Anf.  i6ft.  lOoz.  \%pwt.  $gr. 

5.  How  many  rings,  each   weighing  $pwt.  jgr.  may  be  made 
of  3ft.  502.  i6/atf.  2gr.  of  gold  ?  Anf. 

3.     AVOIRDUPOIS. 

ft      oz. 

17     14  how  many  ounces  ? 


Ca'f.  qrs. 
la  91     3 
4 


367  quarters. 


2943 
735 

10293  pounds. 
16 


Proof. 
16)164702 


164702  ounces. 


2,  In 
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2.  In  i«   tons,  i^cwt»  iqr.  igfe  6ozt  i2dr.  how   many  drams  ? 


3.  In  2415  11  oz.  gdr.  how  many  drams  ?  Anf.  6339^. 

4.  In  44800  pounds,  how  many  drams  and  tons  ? 

Anf.  11468800^7-.  and  20  tons. 

5.  In  28ft  Avoirdupois,  how  many  pounds  Troy  ? 

28 
7000  grains  in  ift  Avoir  d. 

fft'/r!)=576lo)i96oo|o(34ft  ft    oz.pwt.gr. 

1728  6.  In  47     9     13     17  Troy,  how 

—  —  many  pounds  Avoirdupois  ? 


2304 
160 

12 

57610)192(0(0 

2O 


45899 
3456  22947 

3840 

24 


65 
768  63 

576|o)92i6|o(i6  gr.  2369 

576  l6 

3456  142*4 

3456  2369 

7|ooo)37|904(5  oz. 
35 

2904 
16 

17424 


4,  APOTHKCARJEJ* 


So  &    B     0    U     C    T    I    O    N. 

4.    APOTHECARIES'     WEIGHT. 

J.  How  many  grains  arc  there  in  378*  6§  ? 

ft     |  Proof. 

37    6  2lo)-2i66«|o 

12 

450  eunces. 
8 

3600  drams. 
3 


20 

2  1  6000  grains. 
*.  In  gft  8§  13  29  19^^.  how  many  grains  ? 

3.  In  55799  grains  how  many  pounds,  &c. 

Anf.  gfe  8§  13 

5,     CLOTH     MEASURE. 

i.    In  127  yarcU  how  many  quarters  and  nails  ? 
4  Prmf. 

4)2032 
508  ps. 


w.  203  2  nflz.f  .  12 

2.  In  9173  nails  how  many  yards  ?  Anf.  si^yds.  i^r.  1^1. 

3.  In  75  ells  Englifh  how  many  quarters  and  nails  ? 

Anf*  375frj«  150071. 

4.  In  56  ells  Flemifh,  how  many  quarters  and  nails  ? 

Anf.  i68qrs.  67  2W. 

5.  In  39  ells  French  how  many  quarters  and  nails  ? 

Anf.  234qrs.  9367*. 

6.  In  7248  nails  how  many  yards,  ells  Flemifh,  ells  Englifh 
and  ells  French  ? 

Anf.  453jyck.  604  ells  FUm.  362  ells  Eng.  2qrs.  302  ells  French. 

7.  In  19  pieces  of  cloth,  each  15  yards,  2  quarters,  how  many 
yards,  quarters  and  nails  ? 

AnJ\  zg^yds.  zqrs.  1178^.  and 


6.     L  o   K  »i     MEASURE. 

I.  How  many  barley  corns  will  reach  from  Newburyport  to 
j  it  being  45  miles  ? 
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43  miles.  Proof. 

8  3)8173440              Here  I  divide  by  u,and  mul- 

..    !  .  ________           tiply  the  quotient  by  2,  becaufe 

344  furlongs.  12)2724480           twice  5^  it  11  ;  or  1  might  firft 

40                              .         '    •  have  multiplied  by  2,  and,  then, 

.  .    i    .  3)227040          have  divided  the  produft  by  1 1 . 
13760  rods. 

5|  11)75680 

€8800 
6880 

75680  yards. 
Jl 

227040  feet. 


2724480  inches. 
3 

8173440  Anjwer. 

12.   How  many  barley  corns  will  reach  round  the  globe,  it  be 
ing  360  degrees  ?  Anf.  4755801600. 

3.  How  many  inches  from  Newburyport  to  Londoa,  it  being 
4700  miles  ?  Anf.  171072000. 

4.  How  often  will  a  wheel,  of  16  feet  and  6  inches  circumfer 
ence,  turn  round  in  the   diflance  from   Newburyport  to  Cam 
bridge,  it  being  42  miles  ?  Anf.  13440  times. 

5.  In  190080  inches,  how  many  yards  and  leagues  ? 

Anf.  $2&oyds.  and  i  leagut, 

7.       T    I    M    E. 

i.  In  eo  years  how  many  feconds  ? 

d.      h.  Proof.. 

365     §^nayear  6|o)63i  15200(0 

24  



73° 

8766  hours  in  i  year. 
20 

17532°  hours  in  20 years, 
60 


10519200  minutes  in  ditto. 
60 


631 1 5  2000  feconds  in  ditto. 

2.  Suppofe  your  age  to  be  15^.  19^.  21  h.  37^.  45^.  how  many 
feconds  are  there  in  it,  allowing  365  days  and  6  hours  to  the 
year?  Anf.  475047465. 

3.  In 
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3.  In  31558154  feconds  how  many  folar  years  ?      Anf.  i  year* 

4.  How  many  minutes  from  the  firfl  day  of  January  to  the  14th 
day  of  Auguft,  inclufively  ?  Anf.  325440. 

5.  How  many  days  fince  the  commencement  of  the  chriflian 


6.  How  many  minutes  fince  the  commencement  of  the  Amer 
ican  war,  which  happened  on  the  igth  day  of  April,  1775? 

7.  How  many  feconds  between  the  commencement  of  the  war, 
April  tgth,  1775,  and  the  independence  of  the  United  States  of 
America,  which  took  place  the  4th  day  of  July,  1776  ? 

Anf.  38102400. 

8.     MOTION. 

i.  In  9  figns,  13°  25',  how  many  feconds  ? 

Proof. 

95     130     25'  6|o)io203o[p 

30  - 

—  6|o)  1700)5 

203  dc.gr  tts.  - 

60  3l°)28l3—  25 

17005  minutes.  95  13°  25' 

60  -  - 

1020300  feconds. 

9.    LAND   or   SQUARE  MEASURE, 

1.  In  29  acres,  3  roods,  19  poles,  how  many  roods  and  perches  ? 

Acres.  R.  Poles.  Proof. 

29      3       19  4lo)477l9 

4)1,9—19^. 

119  roods.  - 

40  2$ac.  3  roods. 

Anfwtr  4779  perches. 

2.  In  1997  p°les  how  many  acres  ?  Anf.  ita.  in  37^, 

3.  In  89763  fquare  yards  how  many  acres,.  &c.  ? 

Anf.  i8a.  ^r.  jp.  lOift.  36^ 

4.  How  many  fquare  feet,  fquare  yards,  and  fquare  poles,  in  a 
fquare  mile  ? 

Anf.  2787  Sjpofeet,  30976007^^1,  and  102400  poles. 

10.     SOLID     MCASURB. 

3,  In  15  tons  of  hewn  timber  how  many  folid  inches  ? 

15  tons, 
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15  tons.  Proof. 

5°  5jo 

1728)1296000(7510 

7  50  feet.  12096     - 

1728  -     1  5  tons. 

8640 
8640 


Anf.  1296000  inches. 

2.  In  9  tons  of  round  timber  how  many  inches  ? 

Anf.  622080 

3.  In  25  cords  of  wood  how  many  inches  ?  AnJ.  5529600 

11.     WINE     MEASURE. 

i.  In  ghhds.  i$gals.  ^q's.  of  wine  how  many  quarts  ? 
hhds.  gal.    qts.  Proof. 

9     i5     3 
63 
- 

32 
55 

582  gallons, 


Anf.  2331  quarts. 

2.  In  12  pipes  of  wine  how  many  pints  ?  Anf.  12096, 

3.  In  9758  pints  of  brandy  how  many  pipes  ? 

Anf.  9/>.  nhhd.  zzgal.  $qts. 
5.  In  1008  quarts  of  cyder  how  many  tons  ?  AnJ.  i  ton* 

12.     ALE    or    BEER     MEASURE, 

i.  In  2$hkds,  of  beer  how  many  pints  ? 

hhds.  Proof. 

29  2)12528 

54  — 

-  4)6264 

116  - 

M5  S^'S66 

1566  gallons.  2  9  hhds. 

4 

6264  quarts. 
2 

12528  pints*  «.  In 


*  VULGAR     FRACTIONS. 

2.  In  4~jbar*  iSgal.  of  ale  how  many  pints  ?  Anf.  136^0. 

3.  In  36  puncheons  of  beer  how  many  butts  ?  Anf.  24. 

13.    D   R  Y     MEASURE. 

i.  In  42  chaldrons  of  coals  how  many  pecks  ? 

Chaldrons,  Proof. 

42  4)5376 

32  32)*344(42 

128 

84 
126  64 


Anf.  $$76  pecks* 

2.  In  75  bufhels  of  corn  how  many  pints  ?  Anf.  4800. 

3.  In  93;6  quarts  how  many  bufhels  ?  Anf.  293. 

VULGAR     FRACTIONS. 

Fractions,  or  broken  numbers,  are  expreflions  for  any  afligna- 
ble  parts  of  an  unit,  or  whole  number  ;  and  are  reprefented  by 
two  numbers,  placed  one  above  another,  with  a  line  drawn  be 
tween  them,  thus  ;  -§-,  ^-,  &c.  fignifying  five  eighths,  four  thirds, 
that  is,  one  and  one  third,  &c. 

The  figure  above  the  line,  is  called  the  numerator,  and  that  be 
low  it,  the  denominator. 

The:  denominator  (which  is  the  divifor  in  divifionj  fhews  how 
many  parts  the  integer  is  divided  into  ;  and  the  numerator 
(which  is  the  remafnder  after  divifion)  (hews  how  many  of  thoie 
parts  are  meant  by  the  fraction. 

Fractions  are  either  proper,  improper,  fmgle,  compound,  or 
mixed.  Any  whole  number  may  be  made  an  improper  fraction  by 
drawing  a  line  under  it,  and  putting  unity,  or  i  for  a  denominator 
as  9  may  be  expreiTed  fraftionwifc.  thus  -2-,  and  12  thus  -\,  &c. 

1.  A  Jingle,  fimple,  or  proper  fraction  is,  when  the  numerator  is 
lefs  than  the  denominator,  as,  •},  -|,  |,  -|-f,  &c.  and  is  aftmple  ex- 
preiTion  for  any  number  of  parts  of  the  integer. 

2.  An  improper  fraction  is,  when  the  numerator  exceeds  the 
denominator,  as,  -|,  -|.  i|,  &c. 

3.  A  compound fraction  is  the  fraction  of  a  fraction,  coupled  by 
the   word  o/,  thus,  .J  of  J,  f  of  -f  of  ^-,  &c.  which  are  read  thus, 
two  third  s  o{  three  fourths ;  one  half  of  three  fifths  of  fev  en  eighths,, 

4.  A  mixed  number  is  compofed  of  a  whole  number  and  a  frac- 
tioa,  as  7|.  35^5-,  &c.  that  is.  feven  and  three  fifths.  &ct 
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c.  A  fraftion  is  faid  to  be  in  its  leaft,  or  lowed  terms,  when  it 
is  exprefled  by  the  leaft  numbers  poflible. 

6.  The  common  meafure  of  two,  or  more  numbers,  is  that  num 
ber  which  will  divide  each  of  them  without  a  remainder  :   Thus, 
5  is  the  common  meafure  of  10,  20  and  30  ;  and  the  greatefl.  num 
ber,  which  will  do  this,  is  called  the  greateft  common  meafure. 

7.  A  number,  which  can  be  meafured  by  two,  or  more,  num 
bers,  is  called  their  common  multiple  :  And,  if  it  be  the  leaft  num 
ber,  which  can  be  fo  meafured,  it  is  called  the  leaft  common  multi 
ple  :  thus,  40,  60,  So,  too,  are  multiples  of  4  and  5  ;  but  their 
leaft  common  multiple  is  20. 

3.  A  prime  number  is  that,  which  can  only  be  meafured  by  it- 
felf,  or  an  unit. 

9.  That  number,  which  is  produced  by  multiplying  feveral 
numbers  together,  is  called  a  compofite  number. 

10.  A  perfect  number  is  equal  to  the  fum  of  all  its  aliquot  parts.* 

PROBLEM     I.f 
Tojind  the  grcatejt  common  meafure  of  two,  or  more,  numbers. 

RULE. 

i.  If  there  be  two  numbers  only,  divide  the  greater  by  the  lefs, 
and  this  divifor  by  the  remainder,  and  fo  on,  always  dividing,  the 
laft  divifor  by  the  laft  remainder,  till  nothing  remain,  then  will 
the  laft  divifor  be  the  greateft  common  meafure  required. 
.  2\  When  there  are  more  thafc  two  numbers,  find  the  greateft 
common  meafure  of  two  of  them,  as  before  ;  then,  of  that  com 
mon  meafure  and  one  of  the  other  numbers,  and  fo  on,  through 
all  the  numbers,  to  the  laft  ;  then  will  the  greateft  common 
meafure,  laft  found,  be  the  anfwer. 

3.  If  i  happens  to  be  the  common  meafure,  the  given  numbers 
are  prime  to  each  other,  and  found  to  be  incommenfurablevor  in. 
their  loweft  terms. 

EXAMPLES, 

*  The  following  perfeft  numbers  are  all  which  are,  at  prefent,  known. 
6  8589869056 

28  137438691328 

49s  2305843008139952128 

8128  2417851639228158837784576 

33S5°336  99°352°31 4282971 8304488161 28 

•*•  This  and  the  following  problem  will  be  found  very  ufeful  in  the  doclrine  of 
fractions,  and  feveral  other  parts  of  Arithmetic. 

The  truth  of  the  rule  may  be  fhewn  from  the  firft  example  :  For,  Gnce  108  meat 

urcs  216,  it  alfo  meafares  2i6-|-io8,  or  324. 

Again,  fmce  108  meafures  216  and  324,  it  alfo  meafures  5X3^44-216,  or  i  836, 
In  the  fame  manner  it  will  be  found  to  meafure  2~X  i^3~64-3 2 4,,  <»'  3996,  and  To  on. 
It  is  alfo  the  greateft  common   meafure  ;    for,  fuppofe   there  be  a  greau-r,  then, 
fmce  the  greater  meafures  1836  and  3996,  it  alfo  meafures  the  remainder  324  ;  and 
fmce  it  meafures  394  and  1836,  it  alfo  meafures  the  remainder  216  ;  in  the   fame 
manner  it  will  be  found  to  meafure  the  remainder  108  ;  that  is,  the  greater  meaf 
ures  the  lefs,  which  is  abfurd  ;  therefore,  108  is  the  greateitcommon  meafure. 
ta  the  fame  manner,  the  demonftration  maybe  applied  to  one  or  mote 
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EXAMPLES. 

1.  What  is  the  greateft  common  meafure  of  1836,  3996,  and 
1044? 

1836)3996(2  So  »o8  is  the  greateft  common  meafure  of 

3672  3996  and  1836. 

Hence  108)1044(9 

324)i836f5  972 

1620  — 

-  -  72)108(1 

216)324(1  72 

216  — 

--  Lajl  grcateft  com.  mtaf.~36}fi(z 

Common  meaf>—i  08)216(2  72 

216'  — 

Therefore,  36  is  the  anfwer  required. 

2.  What  is  the  greateft  common  meafure  of  1224  and  1080  ? 

Anf.  72. 

3.  What  is  the  greateft  common  meafure  of   1440,  672  and 
3472  ?  Anf.  16. 

PROBLEM      II.* 

Tojind  the  leaft  common  multiple  of  twot  or  moret  numbers* 
RULE. 

1.  Divide  by  any  number  that  will  divide  two,  or  more,  of  the 
given   numbers  without  a  remainder,  and  fet  the  quotients,  to 
gether  with  the  undivided  numbers,  in  a  line  beneath. 

2.  Divide  the  fecond  line,  as  before,  and  fo  on,  till  there  are 
no  two  numbers,  that  can  be  divided  ;  then,  the  continued  prod* 
lift  of  the  divifors  and  quotients  will  give  the  multiple  required. 

EXAMPLES. 
i.  What  is  the  leaft  common  multiple  of  6.  10,  16  and  20  ? 

1  furvey  my  given  numbers,  and  find 

*5)6     10     16     20         that  five  will  divide  two  of  them,  viz. 
•         —         10  and  20,  which  I  divide  by  5,  bring- 
*2)6       2164         ing  into  a  line  with  the  quotients  the 
-  ......  -•  —         numbers,  which  5  will  not  meafure  : 

82         Again,  1    view   the  numbers   in   the 
fecond  line,  and  find  2  will  meafure 


*3       1*4       *          them  all.  and  I  get   3,  i,  8,  2  in   the 

~  -  third  line,  and  find  that  two  will 
meafure  8  and  2,  and  in  the  fourth 
line  get  3,  i,  4,  i,  all  prime;  I  then 


240  Anf.  multiply  the  prime  numbers  and  the 
divifors  continually  into  each  other, 
for  the  number  fought,  and  find  it  to  be  240. 

2.  What 

*  The  reafon  of  this  rule  may  alfo  be  (hewn  from  the  firft  example  :  Thus,  it  is 
evident  that  eXioX^GX20  (—1920°)  may  be  divided  by  6,  ic,  16  and  20,  with 
out  a  remainder  ;  but  20  is  a  multiple  of  5  ;  therefore,  6XipX*6X4»  or  3^4°>  '* 
alfo  divifible  by  6,  10,  16  and  20.  Alfo,  16  is  a  multiple  of  4;  therefore, 
6x10X4X4—960,  is  alfo  divifible  by  6,  10,  16  and  20.  Alfo,  10  is  a  multiple  of 
2  ;  therefore,  6X5X4X4=480,  is  alfo  divifible  by  6,  .10,  16  and  20.  Alfo,  6  is 
a  multiple  of  2  ;  therefore,  3X<5X4X4::=24O'  i$  a^°  divifibJe  by  6,  IO,  16  and  20; 
and  is  evidently  the  lead  number  that  can  be  fo  divided, 
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a.  What  is  the  leaft  common  multiple  of  6  and  8  ?       Anf.  24. 

3.  What  is  the  leaft  number  that  3,  5,  8  and  10  will  meafure  ? 

Anf.  120. 

4,  What  is  the  leaft  number  which  can  be  divided  by  the  9 
digits,  Separately,  without  a  remainder  ?  Anf.  2520 

REDUCTION   of  V  u  LG  A  R    FRACTIONS 

Is  the  bringing  of  them  nnt  of  one  form  into  another,  in  order 
te  prepare  them  for  the  operations  of  -Ad<iitio«,  C«L.<.*M£UW*»,  -fc-o, 

CASE       I.* 

70  abbreviate,  or  reduce  fraElions  to  their  lowejl  terms. 

RULE. 

Divide  the  terms  of  the  given  fradion,  by  any  number,  which 
will  divide  them  without  a  remainder,  and  the  quotients,  again, 
in  the  fame  manner  ;  and  fo  on,  till  it  appears  that  there  is  no 
number  greater  than  i,  which  will  divide  them,  and  the  fraciion 
will  be  in  its  loweft  terms.  Of, 

Divide  both  the  terms  of  the  fraction  by  their  greateft  common 
meaiure,and  the  quotients  will  be  the  terms  of  the  fraftiori  required, 

EXAMPLES, 
i.  Reduce  £|~*-  to  its  loweft  terms. 

8$  JfJ  =  J4  =  -A  =  i  the  anfwer' 

Or 

*  That  dividing  both  the  terms,  that  is,  both  numerator  and  denominator  of  the 
fraftion-  equally  by  any  number  whatever,  will  give  another  fraction,  equal  to  the 
former,  is  evident  :  And  if  thofe  divifions  be  performed  as  often  as  can  be  done, 
or  the  common  divifor  be  the  greateft  poiiible,  the  terms  of  the  refulting  fraction 
mud  be  the  leaft  poffible. 

Note  i.  Any  number,  ending  with  an  even  number  or  cypher,  is  divifible  by  2. 

a.  Any  number,  ending  with  5  or  cy  is  divifible  by  5. 

3.  If  the  right  hand  place  of  any  number  be  o,  the  whole  is  divifible  by  10. 

4.  If  the  two  right  hand  figures  of  any  number  be  divifible  by  4,  the  whole  is 
divifible  by  4. 

5.  If  the  three  right  hand  figures  of  any  number  be  divifible  by  8,  the  whole  is 
divifible  by  8. 

6.  If  the  fum  of  the  digits,  conftituting  any  number,  be  divifible  by  3  or  9,  the 
\vhole  is  divifible  by  3  or  9. 

7.  If  a  number  cannot  be  divided  by  fomc  number  lefs  than  the  fquare  root 
thereof,  that  number  is  a  prime* 

8.  All  prime  numbers,  except  a  and  5,  have  i,  3,  7  or  9  in  the  place  cf  units  : 
And  all  other  numbers  are  compojite< 

9.  When  numbers,  with  the  fign  of  Addition  or  Subtraction  between  them,  are 
to  be  divided  by  any  numbers,  each  of  the   numbers  mull  be  divided  :    Thys, 
6-5-04-^=2+34.4=9. 

3 

10.  But  if  the  numbers  have  the  fign  of  Multiplication  between  them  ;  then  only 

c  u     a  u  j'-jj  -ru   4X6Xio    2X6X10    2X6X2    24 

one  of  them  muft  be  divided  :  Thus,  ••  =  ••  = = 

2X5  1X5  '  /\  * 

S=  24.  _ 
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Or  thus  : 

288)480(1  Therefore  96  is  the  greateft  common 

288  meafure. 


192 

Com.meaf.    96)192(2 
iya 

2.  Reduce  -^  to  its  loweft  terms, 

3.  Reduce  ^^.  to  its  loweft  terms. 

4.  Reduce  £fa  to  its  loweft  terms.  An/. 

5.  Reduce  -^  to  its  loweft  terms.  AnJ,  %. 

6.  Reduce  -^-fr  to  *ts  loweft  terms*  An/.  ^ 

CASE      II. 

To  reduce  a  mixed  number  to  its  equivalent  improper  fraftion. 
R  u  L  «.* 

Multiply  the  whole  number  by  the  denominator  of  the  frae* 
t:on,  and  add  the  numerator  of  the  fraction  to  fche  produft  ;  un 
der  which,  fubjoin  the  denominator,  and  it  will  form  the  fac 
tion  required. 

EXAMPLES. 

1.  Reduce  36^  to  its  equivalent  improper  fraction. 

36  I  multiply  36  by  8,  and  adding  the  numerator 

8-j-5  5  *°  ^ne  produft,  as  I  multiply,  the  fum  2:93. 

is  tlie  numerator  of  the  fraction  fought,  and 
Anf.    293  8  the  denominator  :  So  that  ?9j  is  the  inif- 

—  —  proper  fraftion,  equal  to  36-|. 

8 

Gr*  3^X84-5=1:293  Anf.  as  before* 
8  8 

2.  Reduce  127-$^  to  its  equivalent  improper  fraftion. 

Anf. 

3.  Reduce  653T3g-  to  its  equivalent  improper  fraction. 

Anf. 

CASE      IILt 

To  reduce  a  whole  number  to  an  equivalent  fraftion,  haying  a  given  de* 

nominator. 

RULE. 

*  All  fraftions  reprefent  a  divifion  of  the  numerator  by  the  denominator,  and  are 
taken  altogether  as  proper  and  adequate  expreflions  of  the  quotient.  Thus  the  quo 
tient  of  3  divided  by  4.  is  -5.  ;  from  whence  the  rule  is  manifeft  ;  for  if  any  number 
is  multiplied  and  divided  by  the  fame  number,  it  is  evident  the  quotient  muft  be 
the  fame  as  the  quantity  firil  given. 

+  Mu'tiplication  and  Divifion  are  here  equally  ufed,  and  consequently  the  r«fu!f 
is  the  fame  as  the  quantity  firft  propofed, 
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RULE. 

Multiply  the  whole  number  by  the  given  denominator  :  Place 
tne  product  over  the  faid  denominator,  and  it  will  form  the  frac 
tion  required. 

EXAMPLES. 

1.  Reduce  6  to  a  fraction,  whofe  denomiator  fhall  be  8. 

6x8=4^,  find  *J  the  an/wcr.—  Proof  4-^—  48-^-8^:6. 

2.  Reduce  15  to  a  fraction,  whofe  denominator  fhall  be  12. 

Anf.  **f. 

9.  Reduce  100  to  a  fraction,  whofe  denominator  fhall  be  70. 

Anf.  7ooo-^=lOO. 

CASE         IV.* 

To  redact  an  improper  fradion  to  its  equivalent  whole,  or  mixed  mtmfcr. 

RULE 

Divide  the  numerator  by  the  denominator  ;  the  quotient  will 
be  the  whole  number,  and  the  remainder,  if  any,  will  be  the 
numerator  to  the  given  denominator. 

EXAMPLES. 

4.  Reduce  2f-3  to  its  equivalent  whole,  or  mixed  number. 
8)293(367 


$3 
48 

@r   8--3:=*-8=:-  as 


±.  Reduce  2i^3  to  its  equivalent  whole,  or  mixed  number. 

Anf.  i27-*T. 
a.  Reduce  ~2^-  to  its  eqvivalent  whole,  or  mixed  number. 


/653A. 
Anf.  9, 


4.  Reduce  4-^  to  its  equivalent  whole  number. 
CASE         V.t 

To  reduce  a  compound  fradion  to  an  equivalent  Jimp  le  one. 
RULE. 

Multiply  all  the  numerators  continually  together  for  a  new 

numerator, 

*  This  rule  is  evidently  the  revcrfe  of  cafe  2(1,  and  has  its  reafon  in  the  nature  of 
.common  divifion. 

t  That  a  compound  fraction  may  be  reprefented  by  a  lira  pie  one  is  very  evi 
dent  ;  fmce  a  part  of  a  part  muft  be  equal  to  fome  part  of  the  whole.  The  truth 
of  the  rule  for  this  reduftion  may  be  fhewn  as  follows. 

Let  the  compound  fraction  to  be  reduced,  be  |-  of  ^.  Then  1  of  -j^-—  jj 
^4—7^.  and  confequently  |  of  _^.~^_X  S^To1  the  ^ame  as  bV  th^  rule> 

If  the  compound  fraftion  confifts  of  more  numbers  than  two,  the  two  firft  may 
be  reduced  to  one,  and  that  one  and  the  third  will  be  the  fame  as  3  fraction  of  two 
iffiumbcrs,  and  fo  oa« 
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numerator,  and  all  the  denominators,  for  a  new  denominator, 
and  they  will  form  the  fimple  fraction  required. 

If  part  of  the  compound  fraction  be  a  whole  or  mixed  number, 
it  muft  be  reduced  to  an  improper  fraction,  by  cafe  2^,  or  3d. 

If  the  denominator  of  any  member  of  a  compound  fraction  be 
equal  to  the  numerator  of  another  member  thereof,  thefe  equal 
numerators  and  denominators  may  be  expunged,  and  the  other 
memhcrs  continually  multiplied,  (as  by  the  rule)  will  produce  the 
fraction  required  in  lower  terms. 

EXAMPLES. 
i.  Reduce  i  of  f  of  |  of  -J  to  a  fimrle  fraction. 


Or,  by  expunging  the  equal  numerators  and  denominators,  it 
will  give  4  as  before. 

2.  Reduce  f-  of  f  of  £  of  |f  to  a  fimple  fradion. 

qvy  4  X  r  X  1  1 

rxTxe'So"^1"6^—  ^  AnJ*    Or»  by  exPunSinS  tlie  C1ual  nu~ 

merators  and  denominators  it  will  be;  —  "-zzMsElil  as  before. 


3.  Reduce  |  of  |  of  f|  to  a  fimple  fraftion. 

4.  Reduce  1^-  of  |-|  of  YT°^  2O  to  a  ftrople  (or  improper)  frac 
tion.  Anj.  41^—2^.. 

5.  Reduce  |  of  \  of  f  of  1  2{  to  a  fimple  (or  improper)  fraction. 


CASE         VI. 

To  reduce  fractions  of  di_ffe.rtnt  denominators  to  equivalent  fractions, 
having  a  common  denominator. 

RULE      I.* 

Multiply  each  numerator  into  all  the  denominators,  except  its 
own,  for  a  new  numerator,  and  all  the  denominators  into  each 
other,  continually,  for  a  common  denominator. 

EXAMPLES. 

i.  Reduce  |,  -|  and  |-  to  equivalent  fractions,  having  a  com 
mon  denominator. 

i  X  5  X  8  zz  40  the  new  numerator  for  |. 

2X4X8 

*  By  placing  the  numbers  multiplied  properly  under  one  another,  it  will  be  feen 
that  the  numerator  and  denominator  of  every  fraftion  are  multiplied  by  the  very 
fame  number,  and  confequently  their  values  are  not  altered,  Thus,  in  the'firfl  ex 
ample. 

HX5X8     j*  _|X-iX8_     m5  1X4X5 
41X5X8       5  1X4X8       8  !X4X5 

In  the  fecond  rule,  the  common  denominator  is  a  multiple  of  all  the  denomina 
tors,  and  confequently  will  divide  by  any  of  them  ;  Therefore,  proper  partJ  may 

n"  taken  for  all  the  numerators  ?.s  required, 
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2  X  4  X  &  n:     64  Me  tt^zi;  nuwitrator  for  ~-t 


4X5X8  ~   i  ko  the  common  denominator. 

Therefore,  the  new  equivalent  fractions  are  -^,  -5^5-,  0«^  •*•£§, 
M*  anfzoer. 

2.  Reduce  -J,  -|,  f  ,  -J,  and  |  to  fra&ions  havhg  a  common  de 
nominator.  Anf.  ,V&,  £&,  18^,  T9T63%,  iff!- 

3.  Reduce  f.  f  of  |,  ?|  and  T3T  to  a  comirori  denominator. 

^«/^      93*        1040      J4508        432 
-^A  T57  a"'  TS"T2>     T¥TT  >  TlTTz  • 

4.  Reduce  -H-,  f  of  i-*-}  -j^-,  and  |  to  a  common  denominator. 

/?.»,/-      S443        21600       672O         72OO 

"  «p»  TT72"ffJ  TtT2"o>  TTT2  o")  TTyiJ-Q' 
R    U     L    S       II. 

7*0  reduce  any  given  fractions  to  athtrs^  which  Jho.lt  have  the  haji  com~ 
mon  denominator. 

1.  By  Problem  2,  page  72,  find  the  leaft  common  multiple  of 
all   the  denominators  of  the  given  fractions,  and  it  will  be   the 
common  denominator  required. 

2.  Divide  the   common   denominator  by  the  denominator  oF 
each  fraction,  and  multiply  the  quotient  by  the  numerator,  and 
the  product  will  be  the  numerator  of  the  fraction  required. 

EXAMPLES. 

i.  Reduce  .j.,  |  and  f  to  Fractions  having  the  leaft  common  de 
nominator  poifible. 

4)3     4     8  4X3X2:1124  —  leaji  common  denominator. 

3     i     2 


84-f-3X  t^:8  the  ijl  numerator  j  24~4X3=l8^^  sd  numera 
tor;  24-^-^X71^:21  the  30".  numerater. 

Whence,  the  required  fractions,  are  -f^  -|1.  |.|. 

2.  Reduce  -f  ,  |-,  j,  and  £  to  frattions  having  the  leaft  common 
denominator.  AnJ.  |§,  £§,  |A  ^n^!  |^. 

CASE         VII. 

To  reduce  a  fraction  of  one  denamination  to  the  fraction  of  another  9 
but  greater,  retaining  thejame  value. 

R    U    I.    E.* 

Reduce  the  given  fraftion  to  a  compound  one,  by  comparing 
it  with  all  the  denominations  between  it  and  that  denomination 
you  would  reduce  it  to  ;  laftly,  reduce  this  compound  fraction 
to  a  fingle  one,  by  cafe  5th,  and  you  will  have  a  fraction  of  the 
required  denomination,  equal  in  value  to  the  given  fraction. 

EXAMPLES. 

*  The  reafon  of  this  and  the  next  rule  is  explained  in  th«  rule  for  reducing  com* 
pound  fractions  (9  fimpk  oncs« 
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\  EXAMPLES. 

1.  Reduce  4  of  a  penny  to  the  fraction  of  a  pound. 

By  comparuV  it,  it  becomes  |  of  -^  of  -^  ;  which  reduced  by- 
cafe  5th,  will  HQX  i  X  i~3 

An'd  5X12^20  r=r  laoorr-j-l^. 

2.  Reduce  |  of  \^  farthing  to  the  fraction  of  a  pound. 

A 

3.  Reduce  J  of  a  penny  to  the  fraction  of  a  guinea. 


4.  Reduce  -i-|  of  a  {hilling  to  the  fraftion  of  a  moidore. 

Anf.  -Jy  moidore. 

5.  Reduce  ^  of  an  ounce  to  the  fra&ion  of  a  It  Avoirdupois. 

AnJ.  ^  ft. 

*6.  Reduce  3-r.  6d.  to  the  fra&ion  of  a  pound.  AnJ.  -^£, 

7.  Reduce  13^.  bd.  to  the  fraftioa  of  a  piftole. 


48.  Reduce  ~  of  a  pound  to  the  fraction  of  a  guinea. 

Anf.  ^.  guinea. 

9.  Rc-iuce  J  of  z  pwt.  to  the  fraction  of  a  pound  Troy. 

Anf-  rVW  fe» 

10.  Reduce  -|  of  a  fb  Avoirdupois  to  the  fraction  of  i  Lwt. 

Anf.  ^^g.  Czvt. 

11.  Exprefs  5!  furlongs  in  the  fraction  of  s.  mile. 

Anf.  ^  mile. 

CASE         VIII. 

To  reduce  afra&ion  of  one  denowinaticn  to  the  fraction  of  another,  but 
Ifs,  retaining  the  fame  value* 

RULE. 

Multiply  the  given  numerator  by  the  parts  of  the  denomina 
tions  between  U  and  that  denomination  you  would  reduce  it  to, 
for  a  new  numerator,  which  place  over  the  given  denominator: 
Or,  only  invert  the  parts  contained  in  the  integer,  and  make  of 
them  a  compound  fraction  as  before,  then,  reduce  it  to  a  fimple 
one. 

EXAMPLES. 

i.  Reduce  ^^of  a  pound  to  the  fraftion  of  a  penny. 

By  comparing  it,  the  fraction  v/ill  be  -^  of  *T°   of  *f2,  then 

J_X   ^X    «  _    24.0  3    anjmr 

X    »-4°°  0    , 

a.  Reduce 

6d.~v*.  and  i^.=«4orf.  therefore,  •f^- 
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3.  Reduce  TtW  °^  a  Poun^  to  t^ie  fr*&i°n  of  a  farthing. 

^/t/i 

a.  Reduce  -jvrS"  of  a  guinea  to  the  fraflion  of  a  penny 

- 

4,  Reduce  -f*-  of  a  moidore  to  the  fra&ion  of  a  fhiiling. 


$.  Reduce  ^  of  a  fe  Avoirdupois  to  the  fraction  of  an  ounce. 

AnJ.  *QZ. 
*6.  Reduce  %  of  a  guinea  to  the  fraction  of  a  pound. 

AnJ.  ££\ 

7.  Reduce  -j-^Vo  °f  a  &  Troy  to  the  fra&ion  of  a  pxt. 

4*J$p*)t* 

8.  Reduce  ~^  of  cut.  to  the  fraction  of  a  ft  Avoirdupois. 


CASE      IX. 

7V  jf»<^  Mtf  vtf/wtf  of  a  fraction  in  the  known  parts  of  tht  inte£*r9  as  cf 
coint  weighty  meafure,  &c. 

R  u   L  E.t 

Multiply  the  numerator  by  the  parts  in  the  next  inferior  de 
nomination,  and  divide  the  product  by  the  denominator  ;  and  if 
any  thing  remain,  multiply  it  by  the  next  inferior  denomination, 
and  divide  by  the  denominator  as  before,  and  fo  on,  as  far  as  riec- 
eflary  ;  and  the  quotients  placed  after  one  another,  in  their  or 
der,  will  be  the  anfwer  required^ 

E  x  A  M   P   L  K   $. 

a,  What  is  the  value  of  f  of  a  pound  ? 

5  I  multiply  5  by  20,  the  rmm- 

20  ber  of  {hillings  in  /\i,  and  the 

--  produft  JQO  I  divide  by  the  de- 

7)1O°  nominator  7,  and  get  the  quo- 

—  ~            •  tient   145-.  and    2    remaining,    £' 

14*.  —  2  multiply  it  by  12,  and  again  di- 

J2  viding  the  produd  by  7,  find 

—  -  the  quotient  3^.  and  3  remains, 

?)24  which  I  multiply  by  4,  and  di- 

"""  ,  viding  as  before,  the    quotient 

34.—  3  is  iqr.  and  5  remaining,  1  place 

4  it  over  the  numerator,  and  find 

the  an/wer  14^.  3 


2.  What 


As  the  numerator  of  a  fraftion  may  be  confidered  as  a  remainder,  and  the  de- 
as  a  divifor  ;  This  rule  therefore  has  its  reafon  in  the  nature  of  divfion. 
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2.  What  is  the  value  of  -^  of  a  {Killing  ?  Anf. 

3.  What  is  the  value  of  |-J  of  a  czct.  ? 

Anf.  zar.  gft   1002.  7 

4.  What  is  the  vaJue  of  %  of  a  ft  Avoirdupois  ? 

Anf.  izoz.  i 

5.  What  is  the  value  of  |-  of  a  ft  Troy  ? 

Anf.  702. 

6.  What  is  the  value  of  JL.  of  a  ton  ? 

Anf.  4cti<t.  zqrs.  isft  1402.  iz-fs-dr. 

7.  What  is  the  value  of  -J.  of  a  yard.  Anf.  zqrs.  ztn» 
%.  What  is  the  value  of  %  of  an  ell  Englifh  ? 

Anf.  qqrs.  ifrc, 

9.  What  is  the  value  of  A  of  a  mile  ?  Anf.  6fur.  z6p.  i  ift, 

JO  What  is  the  value  of  ~>^  of  a  day  ?       Anf.  ibh.  $6m.  55^1. 
11.  The  value  of -if-  of  a  Julian  year  is  required  ? 

Anf.  r-57^.  igk.  45^. 

J2.  The  value  of  T\  of  a  guinea  is  demanded  ?  AnJ. 

13.  What  is  the  value  of  i*|  of  a  dollar  ?  Anf.  §s. 

34.  What  is  the  value  of -|  of  a  moidore  ?  Anf.  2is. 

15.  What  is  the  value  of  |-  of  an  acre  ?  Anf.  gr. 

CASE       X. 

To  reduce  any  givtn  quantity  to  thefraElion  of  any  greater  dtnomina- 
tion  of  the  fame  kind. 

R    U     L    E.* 

Reduce  the  given  quantity  to  the  loweft  term  mentioned,  for 
a  numerator  ;  then  reduce  the  integral  part  to  the  fame  term, 
for  a  denominator  ;  which  will  be  the  fraction  required. 

EXAMPLES. 

1.  Reduce  145.  §\d%  £  to  the  fraction  of  a  pound. 
20  Integral  part,  s.      d. 

12  14     3?>r 

— -                                                                           12 
240  

4  '7i 

--,  A 

060  — 

%  665 

7-4-5 

6720  denominator,  • 

4800  num.  Anf.  £ ^§rr-f/\ 

2.  Reduce  4id.  to  the  fraction  of  a  (hilling.  Anf.  fr. 

3,  Reduce 

*  This  cafe  is  the  reverfe  of  the  former,  therefore  proves  it. 

Note.  If  there  be  a  fradion  given  with  the  (aid  quantity,  it  muft  be  further  re 
duced  to  the  denominative  parts  thereof,  adding  thereto  the  numerator. 
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3,  Reduce  zqrs.  gfo  lOoz.  7|f^?".  to  the  fraction  of  a  Cat. 

Anf.  .i|  Cut. 
A.  Reduce  1202.  iz^-dr.  to  the  fraftion  of  a  ft  Avoirdupois. 

Anf.  fife. 

5.  Reduce  702.  ^put.  to  the  fraction  of  a  ft  Troy. 

Anf.  I  ft. 

6.  Reduce  ^.crtt.  zqrs.  i2ft  1402.   iz^dr.  to  the  fraction  of  a 
ton.  Anf.  -*j  ton. 

7.  Reduce  zqrs.  2^n.  to  the  fraftion  of  a  yard*  ^w/^  Ajy^, 

8.  Reduce  4qrs.  i\n.  to  the  fraction  of  an  ell  Englifh. 

Anf.  £  E.  E. 

9.  Reduce  6/wr.  z6po.  nft.  to  the  fraftion  of  a  mile. 

^ 

10.  Reduce  i6A.  36^.  SS-^jS*  to  the  fraction  of  a  day. 


_        . 

11.  Reduce  257^.  igA.  457^.  52|fr.  to  the  fraction  of  a  Julian 
year.  ^«/.  if  J.  Y. 

12.  Reduce  181.  to  the  fraftion  of  a  guinea.  Anf.  ^  %uin. 

13.  Reduce  5^.  j\d.  to  the  fraction  of  a  dollar.         Anj.  ~^  dot. 

14.  Reduce  2u.  7^.  to  the  fraction  of  a  moidore. 

Anf.  3. 

15.  Reduce  $r.  i^p.  to  the  fraction  of  an  acre. 

Anf. 

ADDITION  o/^  VULGAR  FRACTIONS. 
RULE.* 

Pveduce  compound  fra&ions  to  fingfe  ones  ;  mixed  numbers 
to  improper  fractions  ;  fractions  of  different  integers  to  Uiofe  of 
the  iame  ;  and  all  of  them  to  a  common  denominator  ;  then  the 
fum  of  the  numerators  written  over  the  common  denominator 
will  be  the  fum  of  the  fractions  required. 
E  x  A  M  P  L  E  s. 

i.  Add  7£,  -f-  of  f  and  7  together. 

firft.  7|  —  V>,  4  of  f  =  *!,  and  7  =  f 

Then  -the  fractions  are  ^C)i  |-|-,  and  1.  • 

39  X  56  X     »  —  2l84 

15  X     5  X     i  —      7,5 

7     X     5  X   56  — 


.  ,  _  1  9   ^,         ,  —  .  ,  r  t 

-  J  OlT  s~  o  -  -,r-  --  *  0  H     ( 

5  X  56  X  1-1280  2.  Add 

*  Fraftions,  before  they  arc  reduced  to  a  common  denominator,  are  entirely  dif- 
fnmlar,  and  therefore  cannot  be  incorporated  with  one  another  ;  but  when  they 
are  reduced  to  a  common  denominator,  and  rrude  parts  of  the  fame  thing;  then 
fuirt,  or  difference,  may  then  be  as  properly  expreiTed  by  the  fum  or  difference  of 
the  numerators,  as  the  fum  or  difference  of  any  two  quantities  whatever,  by  the 
fum  or  difference  of  their  individuals  ;  whence  the  icafon  of  the  rules,  both  for 
Addtuon  a»d  Subtraction,,  is  manifeft. 
** 
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2.  Add  -f,  9$,  and  |-  of  |  together. 

3.  What  is  the  fuin  of  £,  £  of  |  of  1,  and  8/T  * 

4.  What  is  the  fum  of  ^  of  4!,  |  of  %,  and  9|  ? 

Anf.  1241. 
.5.   Add  «./*.  fj.  and  fl  together.  ^w/.  2i.  8^.  «4r- 

6.  What  Ts  the  fum  of  -£  of  ij£.  9  {;-/".  and  |  of  |  of  ££*.  ? 

Anf.  £.ib  1^.3.54 

7.  Add  |  of  a  yard,  i  of  a  foot,  siid  J  of  a  mile  together. 

ylrc/.  nOCyds.'2/t.  finches. 

&.  Add  |  of  a  week,  i  of  a  day,  1  of  an  hour,  and  |  of  a  min 
ute  together.  AnJ\  2  ^aj/jr,  2  hours,  30  minutes^ 


SUBTRACTION  of  VULGAR  FRACTIONS. 
R  u   L  E.* 

Prepare  the  fractions  as  in  Addition,  and  the  difference  of  the 
numerators,  written  above  the  common  denominator,  will  give 
the  difference  of  the  fractions  required.  Note,  a  fraftion  is  fub- 
tra&ed  from  a  whole  number,  by  taking  the  numerator  of  the 
fraftion  from  its  denominator,  and  placing  the  remainder  over 
the  denominator,  then  taking  one  from,  the  whole  number. 

EXAMPLES. 


1.  From  itake  f.  of  £. 

f  of  14=:  ||  2=^ 
X  28  =    84  V  . 


}<fk 

j  zr  £§•  =  -gV     Thin  the  fractions  are  f  and  -£s, 

?VZ!-    lo  \  i--'&  and  ^=T&,  therefore, 

|  X  .1  =  ii°««.  *».  ]  T'A  ~  ^  =  ^r  =  *  Render. 

2.  From  £|  take  |-.  ^w/.  |4^. 

3.  From  37!  take  19^-.  AnJ.  17^9.. 

4.  From  13!-  take  |  of  15.  -^w/".  2^. 

5.  From  \£.  take  TV-  -^«A  4^.i-|-. 

6.  From  ^oz.  take  ^pwt.  Anf.  iQptvt.  iz^-gr. 

7.  From  I  of  a  league  take  f  of  a  mile.  Anf.  imi.  if'ur. 

8.  From  5  weeks  take  19^  days,  Anf.  \§da.  ^.ho.  4%min. 

MULTIPLICATION 

*  In  fubtrafting  mixed  numbers,  when  the  lower  fraction  (the  fubtrahend)  is 
greater  than  the  upper  one,  (the  minuend)  you  may,  without  reducing  them  to  im 
proper  fractions,  fubtraft  the  numerator  of  the  fubtrahend  from  the  common  de 
nominator,  and  to  that  difference  add  the  numerator  of  the  minuend,  and  carry  on* 
fp  the  integer  of  the  fubtrahend. 

EXAMPLE. 
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MULTIPLICATION  of  V  v  LGAK   FRACTIONS. 
R  u   L  B.* 

Reduce  compound  fractions  tofimple  ones,  and  mixed  numbers 
to  improper  frafcUons  ;  then  the  product  of  the  numerators  will 
be  the  numerator,  and  the  produft  of  the  denominators,  the  de 
nominator  of  the  product  required.  Acfe,  where  leveral  fractions 
are  to  be  multiplied,  if  the  numerator  of  one  fraction  he  equal  to 
the  denominator  of  another,  their  equal  numerators  and  denom 
inators  may  be  omitted. 

EXAMPLES. 
i.  What  is  the  continued  produft  of  4^-,  i,  |  of  •{-,  and  6*. 

4*  =  v>  *  °fi  =     =  *****  6~T- 


Then  V  Xi  X  AX|==«4=t«*^  anfwer. 


•2.  Multiply  T4y  by  -V- 

3.  Multiply  5  1  by  f  ^n/  | 

4.  Multiply  i  of  5  by  f  of  -*-.  /!«/.  - 
$.  Multiply  f.  of  £  by  £  of  £  Of  t  if.                             Anf. 

6.  Multiply  9|,  \  of  -|,  and  12^  continually  together. 

Anf. 

7.  What  is  the  continual  product  of  |  of  |-,  5^,  7  and  i  of 


8.  What  is  the  continual  produft  of  7,  •},  |.  of  |,  and  3-*-  ? 

Anf. 

Another  method  for  the  Multiplication  of  mixed  Quantities. 

Cafe  i.  To  multiply  a  whole,  number  by  ajraflion,  or  afratfion  by 
a  whole  number. 

Rule*  Multiply  the  whole  number  by  the  numerator  of  the 
fraction,  and  divide  the  product  by  the  denominator  :  But  if  the 
numerator  be  i,  divide  by  the  denominator  only. 

i.  2.  3.'  4.  5.  6.  7. 

Mult.  8  15  28          36  48  025  250 

&  .'.*     j      ±    J     _*  H  _  i  _  * 

Prod.  2  7f  9^.   3(72       4)144      8)1625      i2)i8t3 

Prod.  24  36  2031-  i5iJL, 

Cafe  2.  To  multiply  a  a>A0&  number  by  a  mixed  one. 
Rule.  Multiply  by  the  fraction  as  in  cafe  ift  ;  then  multiply  by 
the  whole  number,  and  add  the  two  produces,  as  in  the  examples  — 

or, 

*  Multiplication  of  a  fraftion  implies  the  taking  fome  part  or  parts  of  the  multi« 
plicand,  and  therefore  may  truly  be  expreffed  by  a  compound  fraction.  Thus  * 
multiplied  by  3.  is  the  fame  as  *.  of  |.  ;  and  as  the  directions  of  the  rule  agree  with 
the  method  already  given,  to  reduce  thcfc  fraftions  to  fimple  on«s,  it  is  ftiewn  to  be 
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or,  to  multiply  a  mixed  number  by  a  whole  one,  change  the  place 
of  the  factors,  and  proceed  as  the  rule  directs.  —  See  example  6. 

i.  2.  3.  4.  5.  6. 

Mult.  15  35  68  42  12 

By  * 


748 


476 


26 


n-| 

I2JL 

i86|- 


3.  To  multiply  a  mixed  number  by  a  mixed  number. 
Rule.  Multiply  the  integral  part  of  the  multiplicand  by  the  de 
nominator  of  its  fractional  part,  and  add  thereto  its  numerator  : 
Then  multiply  by  the  mixed  multiplier,  by  Cafe  2d,  and  divide 
the  produft  by  the  denominator  of  the  fractional  part  of  the  mul 
tiplicand,  as  in  the  following  example. 
Mult.  424  f  i/.  424  —  213  -| 

1  After  this  manner  may  feet 
and  inches  be  multiplied,  call 
ing  i  inch  -jL.  of  a  foot,  2  inch- 


[tnhichwult.  by  b|. 
3)426 


\ 


J704 

5)18^6 


es  -|-,  3  inches  ^,  4  inches  ^-,  5 
inches  J^  6  inches  ^,  7  inches 
•£-,  8  inches  -|,  9  inches  f,  iO 
inches  |-,  and  1 1  inches  ^  of  a 
foot. 


DI 


Produtl  m  369^-  J 


SION    of  VULGAR    FRACTIONS. 

RULE.* 

Prepare  the  fractions  as  before  :  Then,  invert  the  divifor  and 
proceed  exactly  as  in  Multiplication  :  The  products  will  be  the 
quotient  required. 

EXAMPLES. 
i  .  D  ivide  \-  of  1  7  by  -|  of  -J. 

.  o         x         ~ 


y  -r-  |   =r  '  7'  X  >  =  3^  ~  n|  the  quotient  required. 
2.  Divide    .  by  ^.  Anf.  i. 


by  |  of  7. 


3.  Divide 

4,  Divide 
The  reafon  of  the  Rule  may  be  fliewn  thus.     Suppofe  it  were  required  to  divide 

%  by  y.     Now|-~2ismanifcflly  J  of  £»  or  •   '        ;  but  y  ZZ  y  of  a  ;  therefore, 

"  /\  5 

^.  of  2,  or  .2  ,  muft  be  contained  7  times  as  often  in  5.  as  2,  that  is  3.  .  ./  =the  an« 

fwcr,  which  is  according  to  the  rule. 

Note.  To  n  ultiply  a  fraction  by  an  integer,  divide  the  denominator,  or  multiply 
tfee  numerator  by  it  ;  and  to  divide  by  an  integ;crj  divide  the  numerator,  :n  muUi* 
P--y  the  denominator  by  ic, 
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4.  Divide  5|-  by  7-J.  -^w/!  •§-£•• 

5.  Divide  4  by  9.  Anf.  ^r. 

6.  Divide  4-  of  I  of  -|  by  |  of  -J.  Anf.  f . 

7.  Divide  7  by  f.  Anf.  i8|. 

8.  Divide  4204-1-  by  -J  of  112.  ^w/~.  42-||f-. 

DECIMAL     FRACTIONS. 

Decimal  Fractions  are  of  fuch  a  nature,  that  they  vary  in  the 
fame  proportion,  and  are  managed  by  the  fame  method  of  opera 
tion,  as  whole  numbers  are. 

On  this  account,  every  proper  Fraction  is  fuppofed  to  be  re 
ducible  to  another,  whofe  denominator  (hall  be  10,  100,  lOOO, 
<fec.  viz.  Unity,  with  a  number  of  cyphers  annexed  ;  and  Frac 
tions  with  fuch  denominators  are  called  Decimal  Fractions  :  Such 

As  the  denominator  of  a  decimal  fraction  is  always  lO,  or  IOO, 
or  lOOO,  &c.  the  denominators  need  not  be  exprefled  :  For  the 
numerator  only  may  be  made  to  exprefs  the  true  value  :  For  this 
pu«rpofe  it  is  only  required  to  write  the  numerator  with  a  point 
before  it  at  the  left  hand,  to  diftinguifh  it  from  a  whole  number, 
when  it  confifts  of  fo  many  figures  as  the  denominator  hath  cy 
phers  annexed  to  unity,  or  i  ;  f o  T5^  is  written  ,5  ;  T^  ,33  ; 


. 

Mote.  The  point  prefixed  is  called  a  Separatrix. 

But  if  the  numerator  has  not  fo  many  places  as  the  denomina 
tor  has  cyphers,  put  fo  many  cyphers  before  it,  viz.  at  the  left 
hand,  as  will  make  up  the  defed  ;  fo  write  -5^  thus  ,05  ;  and 
ivoo  tnus  ;°°6,  &c.  And  thus  do  thefc  fractions  receive  the 
form  of  whole  numbers. 

The  ift,  2d,  3d,  /jth,  &c.  places  of  decimals,  counting  fr<  m 
the  left  hand  toward  the  right,  are  called  primes,  feconds,  thirds, 
fourths,  &c. 

We  may  confider  unity  as  a  fixed  point,  from  whence  who!-'; 
numbers  proceed  infinitely  increafing  toward  the  1-eft  hand,  and 
decimals  infinitely  decreafing  toward  the  right  hand  to  o,  m  in 
the  following 

TABLE. 


tn 

to 

1 

1 

£ 

2 

2 

£  S 

n      <a 

C 

*"§ 

5  * 

•5 

c 

"° 

P-< 

•5  •£• 

.1   .9 
0    X 

9   8 

j  «v|  Millions 

ChC  Thoufa 

j  01  X  Thoufa 
j  4^  Thoufanel 

Ioo  Hundreds 
t*  Tens 

at 

'a 
I 

-to  Tenth  Pai 
os  Hundredt 

|  ^  Thou  fa  nd 

"5 

0 

H 
X 

5 

1 

0 

6 

-5 

c 
o 

1 

o  § 

1  1 
X  U 

»9 

From  this  table  it  is  evident,  that,  in  decimals,  as  well  as  in 
whole  numbers,  each  figure  takes  its  value  by  its  diftance  from 

unit's 


86  D  E  C  I  M  A  L     F  R  A  C  T  I  O  N  S. 

unit's  place  :  If  it  be  in  the  firft  place  after  units  (or  the  feparat- 
ing  point)  it  fignifics  tenths  ;  if  in  the  fecond,  hundredth?,  &c. 
decreasing  in  each  place.  in  a  tenfold  proportion. 

Confequently,  every  firigle  figure  exprcfling  a  decimal  has  for 
its  denominator  an  unit  or  i,  with  fo  many  cyphers  as  its  place 
is  diftant  from  unit's  place  ;  Thus  ,2  in  the  decimal.  part  of  the 
table  —  -5%-  »  3  —  'i-lo  *>  4  —  To4cro>  &c-  Ancl  if  a  decimal  be 
expreiTed  by  feveral  figures,  the  denominator  is  i,  with  fo  many 
cyphers  as  the  loweit  figure  is  diftant  from  unit's  place.  So 
,357  fignifies  TV^T,  and  ,0053  —  ToVoo>  &c. 

Cyphers,  placed  at  the  right  hand  of  a  decimal  fraction,  do  net 
alter  its  value,  fince  every  fignificant  figure  continues  to  poffefs 
the  fame  place  :  So  ,5,  ,50  and  ,500  are  all  of  the  fame  value,  arid 
each  equal  to  -|. 

But  cyphers,  placed  at  the  left  hand  of  a  decimal,  do  alter  its 
value,  every  cypher  deprefling  it  to  T^.  of  the  value  it  had  before, 
by  removing  every  fignificant  figure  one  place  further  from  the 
place  of  units.  So  ^5,  ,05,  ,005,  all  exprefs  different  decimals, 


•vz.      >        5    °  5    °°      To5oo- 


Hence  may  be  obierved  the  contrary  effe£ls  of  cyphers  being 
annexed  to  whole  numbers,  and  decimals. 

It  is  likewife  evident  from  the  table,  that,  ftnce  the  places  of 
decimals  decreafe  in  a  tenfold  proportion  from  units  downwards, 
fo  they  confequently  increafe  in  a  tenfold  proportion  from  the 
right  hand  toward  the  left,  as  the  places  of  whole  numbers  do  : 
For,  ten  hundredth  parts  make  one  tenth,  ten  tenths  make  i  ; 
ten  units,  ten  ;  ten  tens,  one  hundred,  &c.  viz.  -^^  rn  ~,  ±%  rz: 
i,  and  i  X  i°  ~  i°j  which  proves  that  decimals  are  fubjecl:  to 
the  fame  law  of  Notation,  and  confequently  of  operation,  as 
whole  numbers  are. 

Decimal  Fractions  of  unequal  denominators  are  reduced  to  one 
common  denominator,  when  there  are  annexed  to  the  right  hand 
of  thofe,  which  have  fewer  places,  fo  many  cyphers,  as  make 
them  equal  in  places  with  that  which  has  the  moft.  So  thefe 
decimals,  ,5,  ,06,  ,455,  may  be  reduced  to  the  decimals  ,500,  ,o6o, 
and  ,455,  which  have,  all,  icoo  for  their  denominator. 

Of  Decimals,  that  is  the  greateft,  whofe  highefl  figure  is  great- 
eft,  whether  they  confift  of  an  equal  or  unequal  number  of 
places  :  Thus,  ,5  is  greater  than  ,459,  for  if  it  be  reduced  to  the 
fame  denominator  with  ,459,  it  will  be  S5OO. 

A  mixed  number,  viz.  a  whole  number,  with  a  decimal  annex 
ed,  is  equal  to  an  improper  fraction,  whofe  numerator  is  all  the 
figures  of  the  mixed  number,  taken  as  one  whole  number,  and 
the  denominator,  that  of.  the  decimal  part.  So  45,309  is  equal 
to  4-£^,  as  is  evident  from  the  method  given  to  reduce  a  mixed 
number  to  an  improper  fraftion  : 

45  X  1000  H~  ,309  =  4TWw  as 

ADDITION 
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ADDITION     of    DECIMALS. 

RULE. 

1.  Place  the  numbers,  whether  mixed,  or  pure  decimals,  un 
der  each  other,  according  to  the  value  of  their  places. 

2.  Find  their  fuin  as  in  whole  numbers,  and  point  offfo  many 
places  for  decimals,  as  are  equal  to  the  greateft  number  of  deci 
mal  places  in  any  of  the  given  numbers. 

EXAM   P    L   K   s. 

1.  Find  the  f um  of  19,0734- 2J3597-j-223-r->oi9758i +3478,1 
4-12,358. 

19:073 

2,3597 
223 

,0197581 

3478,1 
12.358 

3734>9l°45**1  the  fum. 

2.  Required  the  fum  of  429-r-21.37-f-3555°o3-hI>074- ^7  ? 

Anf.  808,147, 

3.  Required  the  fum  of  5,34-1  i}973-f-49-h9-f  1,7314+34,3  ? 

Anf,  103,2044.' 

4.  Required  the  fum  of  9734-194.1,754. 93,71644. ,9501  ? 

Anf.  1088,4165. 

49 

SUBTRACTION  of  DECIMALS. 
RULE. 

Place  the  numbers  according  to  their  value  ;  then  fubtraft  as 
in  whole  numbers  and  point  off  the  decimals  as  in  Addition. 

EXAMPLES. 

1.  Kind  the  difference  of  1793,13  and  817,05693. 

From  1793,13 
Take     817,05693 

Remainder  976,07307 

2.  From  171,195  take  125.9176.  Anf.  45,2774, 

3.  From  219,1384  take  195,91.  Anf.  23,2284. 

4.  From  480  take  245,0075.  Anf.  234,9925, 

M  tf  LT  I P  L 1  C  AT  I  OS 
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MULTIPLICATION  of  DECIMALS. 
CASE         I. 

RULE. 

1.  Whether  they  be  mixed  numbers,  or  pure  decimals,   plase 
the  factors  and  multiply  them  as  in  whole  numbers. 

2.  Point  off  fo  many  figures  from  the  producl  as  there  are  deci 
mal  places  in  both  the    faflors  ;  and  if  there  be  not   fo  many 
places  in  the  product,  fupply  the  defect  by  prefixing  cyphers, 

E    X    A    M    P     L     E     S. 

i.  Multiply     ,02345 
by     .00163 


,0000382235  thefrroduft. 

9.  Multiply  25, 238  by  12,17.  Anf.  ^07, 1464 & 

3.  Multiply  ,3759  by  ,945.  Anf.  ,3552255. 

4.  Multiply  ,84179  by  ,0385.  Anf.  ,032408915. 
To  multiply  by  10,  100,  1000,  &c.  remove  the  fepa  rating  point 

fo  many  places  to  the  right  hand,  as  the  multiplier  has  cyphers. 

f*      f 10     I   5  f3>4$ 
So  ,345  i  ^^i  100    }.-§  1  34,5 
t^       [loooj  S   [345 
For  »345  X  10  is  3,450,  &c. 

CASE         II. 

To  contraEl  the  operation^  fo  as  to  retain  fo  many  decimal  places  in  ths 
Product  as  may  be  thought  nccejfary. 

RULE. 

1 .  Write  the  unit's  place  of  the  multiplier  under  that  figure  of 
the  multiplicand,  whofe  place  you  would  referve  in  theproduft  ; 
and  difpofe  of  the  reft  of  the  figures  in  a  contrary  order  to  what 
they  are  ufually  placed  in. 

2.  In  multiplying,  reject  all  the  figures  which  are  to  the  right 
hand  of  the  multiplying  digit,  and  fet  down  the  produces,  fo  that 
their  right  hand  figures  may  fall    in  a  ftraight    line  below  each 
other  ;  obferving  to  increafe  the  fir  ft  figure  of  every  line  with 
what  would  arife  by  carrying  i  from  5  to  15,  2   from  15  to  25,  3 
from  25  to  35,  &c.  from  the  preceding  figures,  when  you  begin 
to  multiply,  and  the  fura  will  be  the  produft  required. 

EXAMPLES, 
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E    X    A    M    P     L     E. 

i.  It  is  required  to  multiply  56,7534916  by  5*3769*8,  and  to 
retain  only  five  places  of  decimals  in  the  product. 

Contratted  way.  Coinmo  ;  uay. 

56,75349*6 
829673,5 

28376746  .  . 
j 702605  .  .  • 
397274 

34052  

5108 


45 


45 
113 

5*07 
34<>52 
397274 

1702604 

28376745 

40279328 
5069832 
814244 
09496 
4412 

74* 

So 

3PS»I5943 


By  the  operation  in  the  csmmin  way,  it  is  evident,  that  all  the 
figures,  which  are  cutoffat  the  right  hand  by  the  perpendicular 
line,  are  wholly  omitted  in  the  contratted  way,  and.the.laft  prod 
uct  here  is  the  firft  there  ;  confequently,  the  reafon  of  placing, 
the  multiplier  in  a  reverie  order,  muft  appear  very  plainly. 


D 


I    V    1     S     I     O     N 


of 


E     C     I     M    A    L    S. 


R    V     L    E.' 


1.  The  places  of  decimal  parts  in  the  divifor  and  quotient 
counted  together  mufl  always  be  equal  to  thofe  in  the  dividend  5 
therefore,  divide  as  in  whole  numbers,  and,  from  the  right  hand 
of  the  quotient,  point  oft  fo  many  places  for  decimals,  as  the  dec 
imal  places  in  the  dividend  exceed  thofe  in  the  divifor. 

2.  If  the  places  of  the  quotient  be  not  fo  many  as  the  rule  re 
quire,  fupply  the  defect  by  prefixing  cyphers  to  the  left  hand. 

3.  If  at  any  time  there  bs  a  remainder,  or  the  decimal  places" 
in  the  divifor  be  more  than  thofe  in  the  dividend,  cyphers  may 
beann-exed  to  the  dividend,  or  to   the  remainder,  and  the  quo 
tient  carried  on  to  any  degree  of  exa6tneC&. 

EXAMPLES, 

*  The  reafon  of  pointing  off  fo  many  decimal  places  in  the  quotient,  as  thofe  in 
the  dividend  exceed  thjfe  in  the  divifor,  will  eafily  appear  ;  for,'  fince  the  number 
of  decimal  places  in  the  dividend  is  equal  to  thofe  in  the  (\,ivifor  and  quotiectt  tak 
en  together,  by  the  namre  of  multiplication  :  It  therefore  fo'lows,  that  the  quotient 
Contains  fo  many  as  the  dividend  exceeds  the  dwifor, 

M 
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EXAMPLES. 

*•  2. 

jM9),M784io7j(,oo®338o37,  &c.  ,3719)38,0000(102,178,^. 

1095  3719 

• In  Example  ift,  the  divifor  . 

834                       having  no  decimals,    the  quo-  t     8100 

657                       ticnt   muft    have    fo    many    as  743* 

R  — — .                     there  are  in  the  dividend.      In  - 

1771                     Example  2,  the  dividend  bc-ing  6620 

1752                    an  integer  mult  have  at  lead  fo  3"<19 

•> many  cyphers  annexed,  ES  there 

1-907  are  decimals  in  the  divi'or,  and 

1752  {b  far  the  quotient  will  he  whole 

numbers  ;   then  annexing  mere  ....   •    - 

J555              cyphers,  the  remain;ng  figures  29770 

1533              *n  l^e  quotient  will   be   deci»  29752 

mals,  according  to  the  Rule.  • 

22  jg 

3d-    * 33)5737(43- 1353  + 

37--9)'°°59374(  '   *5'  + 


5th.  *72tai8.2i7(i2-5$4.  (6th. 


Having  a  multiplier,  tojtnd  a  divifor  which  Jka  II  give  a  quotient  equal 
to  the  produff  by  that  multiplier, 

RULE. 

Divide  unity  by  the  given  multiplier,  and  the  quotient  will  be 
the  divifor  fought. 

What  divifor  is  that,  by  which  dividing  5357,  fhall  give  a  quo 
tient  equal  to  the  produ6l  of  the  fame  number  multiplied  by 
250  ? 

25°)i,OOO(,CO4  *he  ftnfoer.     And  .004)5357,  000(1  3  3(5250. 
Proof.    5357  X  250  —  1339250. 

Having  a  divifor^  tojind  a  multiplier  which  Jh  all  give  a  producl  equal 
to  the  quotient  by  that  divifor. 

R  u   t  £. 

Divide  unity  by  the  given  divifor,  and  the  quotient  will  be 
the  multiplier  fought. 

What  multiplier  is  that,  by  which  multiplying  5357,  fhall  give 
a  product  equal  to  the  quotient  of  the  fame  number  divided  by 


k 
.004)1.000(250  the  anfwer  :  Therefore,  5357  ^250  rz  5357  ~- 

9004  =  1339  '60. 

CASE       II. 

To  contract  Diviftan,  when  there  are  many  decimals  in  the  dividend^ 
and  the  divifor  is  large. 

RULE. 

*  Tie  following  qucllions  are  left  unpointed  in  the  quotient,  to  exercife  the  learner; 
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RULE. 

1.  Whatever  place  of  the  dividend  corrcfponds  with  the.  unit's 
place  of  the  divifor,  at  the   firft  ftep  of  the  Diviiion,  the   fame 
pL'Ce  mufb  the  firft  figure  of  the  quotient  have. 

2.  In  dividing,  rejeft  the  laft  right  hand  figure  of  the  divlfor^ 
at  every  Rep  (inftead  of  bringing  down  a  figure,  as  in  common) 
and  make  the  laft  remainder  the  dividend  for  the  new  divifor  at 
every  ftep  :  Thus  continue  thedivifion  until,  the  divifor  fhall  be 
pichaufted. 

uotient. 


507402 

Here,  the  unit's  place  of  the  di- 
99,56)  98869  vifor  in  thc   firft   ften  falls  under 


7  in  the  placet  of  hundredths  in  the 
\        I**  dividend;    therefore,  1  put   4,  the 

99>5;   9*^5  firft  quotient   figure,  in  the    place 

of  '  hundredth*,  by  prefixing  a  cy  .her. 
_Q^   glo  I  have  letdown  every  divifor  to 

2   _  explain  the   work  ;  but  you  need 

r    __  only  put  a  dafh  ever  every  figure 

9)   13  rejected,  as  you  proceed,  to  fhew 

g  it  is  omitted. 

Rtm.iinder     4 

When  decimals  or  whole  numbers 

are  to  be  divided  by  iO.  oo,  looo,  &c.          E  x  A  M   p    L   E 
(viz.  unity  with  cypkers,)  it  is  per-         io-| 
formed  byremoving  the  feparatrix,  in       lOO  I  ; 
the  dividend,  fo  many  places  toward     1000  J 
the  left  hand  as  there  are  cyphers  in  icoooj 
the  divifor. 

REDUCTION    0/  DECIMALS. 

CASE       I. 
To  reduce  a  Vulgar  Fraclion  to  its  equivalent  D  cimaL 

R  u    L   E.* 

Divide  the  numerator  by  the  denominator,  as  in  divifion  of 
decimals,  and  the  quotient  will  be  the  decimal  required  :  Or,  fo 

many 

*  Let  the  given  vulgar  fra&ion,  whofe  decimal  expreflion  is  required,  be  -^5-. 
Now,  fmce  every  decimal  fraclion  has  10,  too,  1000,  &c.  for-  its  dfnonnnator  ;  and  if 
two  fra&ions  be  equal,  it  will  be,  as  the  denominator  of  one  is  to  its  numerator;  fo  is 

the  denominator  of  the  other  to  its  numerator,  therefore,  as  15  J  9  '  *  i  o,  &c.  J 

S=  TF  =  >6  the  numerator  of  the  decimal  required  ;  and  is  the  fame  as  by  the  rule, 
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many  cyphers  as  you  annex  to  the  given  numerator,  fo  many 
places  muft  be  pointed  off  in  the  quotient,  and  if  tlxere  be  not  fo 
many  places  of  figures  in  the  quotient,  the  deficiency  muft  be 
fupplied  by,  prefixing  fo  many  cyphers  before  the  quotient  figures. 

EXAMPLES. 

1.  Reduce  £  to  a  decimal.  8)1,000 

,125  Anfwer. 

2.  Reduce  f,  4  and -| to  decimals.      Anfwtrs.  ,375.  ,625.  ,6664.. 

3.  Reduce  £,  |,  -J,  |,  .£,  •§•  and  %  to  decimals. 

Anfwtrs.     ,25.     ,5.     ,75.     ,333+.     ,8.     ,833-}-.     ,875. 

4.  Reduce  T^-,  -f~,  ^^  and  -^  to  decimals. 

Anfwtrs.     ,263-}-.     ,692+.     ,025.     ,25. 

5.  Reduce  -j^j,  i-rVy  anc^  TTTT  to  decimals. 

dnfwers.     ,0186+.     ,00797-}-.     ,00266+. 

CASE       II. 

To  reduce  numbers  of  different  denominations ',  #.*•  0/"  Money,  Weight  and 
Meajure,  to  their  equivalent  decimal  values, 

RULE.* 

1.  Write  the  given  numbers  perpendicularly  under  each  other 
for  dividends,  proceeding  orderly  from  the  kail  to  the  greater}. 

2.  Oppofite  to  each  dividend,  on  the  left   hand,  place   fuch  a 
number  for  a  divifor  as  will  bring  it  to  the  next  fuperior  denom 
ination,  and  draw  a  line  perpendicularly  between  them. 

3.  Begin  with  the  higheft,  and  write  the  quotient  of  each  di- 
vifion,  as  decimal  parts,  on  the  right  hand  of   the  dividend  next 
below  it,  and  fo  on,  till  they  are  all  uied,  and  the  laft   quotient 
will  be  the  decimal  fought. 

i.  Reduce  175.  8  Jrf.  to  the  decimal  of  a  pound. 
4 

12 
2'0  . 

,886458  &c.  the  decimal  required. 

Here,  in  dividing  3  by  4, 1  fuppofe  2  cyphers  to  be  annexed  ta 
the  3,  which  make  it  3,00,  and  .75  is  the  quotient,  which  I  write 
againft  8  in  the  next  line  ;  this  quotient,  viz.  8,75  being  pence 
and  decimal  parts  of  a  penny,  I  divide  them  by  12,  which  brings 
them  to  {hillings  and  decimal  parts,  i  therefore  divide  by  20,  and 
(there  being  no  whole  number)  the  quotient  is  decimal  parts  of  a 
pound. 

2.  Reduce 

•*  The  reafon  of  the  rule  w\*y  be  explained  from  the  full  example  :  Thus,  three 

farthings  are  ^  of  a  penny,  which,  reduced  to  a  decimal,  is  ,7.5  ;  tonfequcntly,  84^. 

may  be  exprefied,  8,75^.  bu?  8,75  is  -f^  of  a  penny  ~  -j%Vtrof  a  Chilling,  which, 

1,  rs  ,729166^4-  In  likcmaimer,  i7,729i66j.-r>are  '  " 

i".  the  ruic, 


3» 

8,75 
17,729166  &c. 
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2.  Reduce  i,  2,  3,  4,  and  fo  on  ta  19  {hillings,  to  decimals. 
Shillings,     i          2          34          5          6        7         ^         9       10 
Anftocrs.    .05.      ,i.      ,15.    ,2.      ,25.      ,3.     ,35.      ,4.      ,45.    ,5. 
Shil.      11          12          13         14          15        16          17        18          19 
4nf.    ,55.        ,6.       ,65.      ,7.        ,7.5.      ,8.       ,85.      ,9.        ,95. 

Here,  when  the  {hillings  are  even,  half  the  number,  with  a 
point  prefixed,  is  their  decimal  expreffion  ;  but,  if  the  number 
be  odd,  annex  a  cypher  to  the  fhillings,  and  then  halving  them, 
you  will  have  their  decimal  expreffion. 

*  3.  Reduce  i,  2,  3,  and  fo  on  to  ii  pence,  to  the  decimals  of 
a  i'hilling. 

Pence.          i  2  3  4  5  6 

Anfwers.  ,0834..    ,166.          ,25.          ,333+-    »4*6-K      '5- 
Pence.  7  91011 

Anfwers.      ,5834..      ,666-f.        ,75.  ,833  +  .          ,9164.. 

4.  Reduce  1,2,3,  &c.  to  u  pence,  to  the  decimals  of  a  pound. 
Pence.  1-2  3  4  5 
Anfwers.  ,004164-.    »co834-.    ,0125.       ,016664-.    ,02084-. 
Pence.         6               7             8               9             10  n 
Anf.         ,025.   ,02916  +  .   ,03334-.   ,0375.     504164-.  ,045834-. 

5.  Reduce  i,  2  and  3  farthings  to  the  decimals  of  a  penny. 

i^r.zr,25^.  2^rj-.zr,5^.  fl«o(  sqrs.—^sd.  Anjwers. 

6.  Reduce  i,  2  and  3  farthings  to  the  decimals  of  a  fhilling. 

Anf.  \qr.  —,02083  4-^.  2</r.r.—  .O41664--T.  3^^.1=1,0625^ 

7.  Reduce  i,  2  arid  3  farthings  to  the  decimals  of  a  pound. 
Anf.  i^r.—jCOi  04164-^*.  2^.rr5co2o834-£.  37™  —,003  1  25^. 

8.  Reduce  13^.  §\d.  to  the  decimal  of  a  pound. 

Anf.  ,67294-. 

9.  Reduce  jcivt.  $qr.  17}%  iC0z.  izdr,  to   the  decimal  of  a  ton. 


10,  Reduce  1002.  i^pwt.  ygr.  to  tke  decimal  of  a  pound  Troy. 

Anf.  .8890625. 
n.  Reduce  fflrs.  $n.  to  the  decimal  of  a  yard. 

Anf>  59375- 

12.  Reduce  $fur.  izfio.  to  the  decimal  of  a  mile, 

Anf.  ,6625. 

13.  Recbuce  55^.  §lfec,  to  the  decimal  o*f  a  day. 

Anf.  ,038624-. 

CASE      III. 

To  Jind  the  dttimal  of  any  mimlw  of  fallings,  pence  and  farthings,  fy 

Injpe&ion. 

R^JLS, 

*  Th«  aufwcrs  to  this  queftion  are  the  fame  as  the  decimal  parts  of  a  foot*- 
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R    U     L     E.* 

1.  Write  half' the  greatcft  even  number  of  (hillings  for  the  fir& 
decimal  figure. 

2,  Let  the   farthings  in  the  given  pence   and  farthings   polfcfs 
the  fecund   and   third   places  ;   observing  to    ni-creafe  the  Jtcond 
ph.ce,  or   place  of  hundredtfis,  by  ,5,  if  the  (hillings  be   odd,  and 
the  third  place   by  i.  when  the   farthings   exceed  12,  and  by  2, 
when  they  exceed  36. 


E 


X    A     M     P     L     E     S 


1.  Find  the  decimal  of  13.7.  9fd.  by  Infpeftior. 

,6    .        .       ~\of  12S. 

5          j-sr  the  odd  fh  lling. 
39        zzr  the  farthings  in  9|^. 
Add     2       Jor  the,  excefs  of  36. 

,691  —  decimal  required. 

2.  Find,  by  Iriipeclion,  the  decimal  expreffions  of  i8.r.  %\d.  and 

17*.  8I^'  ^«A£-  ?9M  *wd/  .  ,^85. 

3.  Value  the  following  fums,  by  Infpeftion,  and  find  their  to 
tal,  viz.  x$j.  3^.  -f  8j.  n{^.  -j-ioj.  6jrf.  -f-u, 


CASE       IV. 

To  find  the  valuz  of  any  given  decimal  in  the  terms  of  the  Integer. 
RULE. 

1.  Multiply  the  decimal  by  the  number  of  parts  in  the  next 
lefs  denomination,  and  cut  off  fo  many  places  for  a  remainder,  to 
the  right  hand,  as  there  are  places  in  the  given  decimal. 

2.  Multiply  the  remainder  by  the  next  inferior  denomination, 
and  cut  off  a  remainder  as  before. 

3.   Proceed 

*  TUe  invention  of  the  rule  is  as  follows  :  As  (hillings  are  fo  many  aoths  of  a 
pound,  half  of  them  muft  be  fo  many  tenths,  and  confequently  take  the  place  of 
tenths  in  the  decimal  ;  but  when  they  are  odd,  their  half  will  always  confiftof  two 
figures  the  firit  of  which  will  be  half  the  even  number,  next  lefs,  and  the  fecond  a 
5  :  Again,  farthings  are  fo  many  cloths  of  a  pound,  and  had  it  happened  that  1000, 
inftcad  of  960,  had  made  a  pound,  it  is  plain  any  number  of  farthings  would  have 
made  fo  many  thoufandths,  and  might  have  taken  their  place  in  the  decimal  ac 
cordingly.  But  960  increafed  by  .-£•%  part  of  itfelf,  is  =  icoc,  confequently,  any 
number  of  farthings,  increafed  by  their  •£-%  part,  will  be  an  exaft  decimal  expreflion 
for  them  :  Whence,  if  the  number  of  farthings  be  more  than  12,  ^  part  is  greater 
than  %qr.  and,  therefore,  i  muft  be  added  ;  and  when  the  number  of  farthings  r» 
more  than  36,  ^  part  is  greater  than  i-Jyr,  for  which  *  muft  be  added, 
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3  Proceed  in  this  manner  through  all  the  parts  of  the  integer, 
and  the  feveral  denominations,  {landing  en  the  left  hand,  make 
the  ani'wer. 

EXAMPLES. 

i.  Find  the  vaiue  of  ,73968  of  a  pound* 

20 


2.09280  Anf.  145.  C)\d. 
z.  What  is  the  value  of  ,679  of  a  flailing  ?  Anf.  8,1  :,8. 

3.  What  is  the  value  of  ,9999^.  ?    Anf.  i()st  n|f/.  j% — Jr  £.1. 

4.  What  is  the  value  of  ,617  of  a  CW.  ? 

Anf.  v'qrs.  13!^  ioz.  lof^-dr.- 

5.  What  is  the  value  of  .8593  of  a  ifc  Troy  ? 

Anf.  tooz.  Gpti't.  $y, 

6.  What  is  the  value  of  .3^7  of  a  yord  ?  Anf.  iqr.  2n. 

7.  What  is  the  value  of  ,8^69  of  a  degree  ? 

«      •  sinf.  frSm.  bfur,  $5po.  Oft.  iiin» 

8.  What  is  the  value  of  ^569  of  a  year  ? 

An/,  so-jda.  i6/z.  26^1.  z\fec. 
9;  WThat  is  the  value  of  ,713  of  a  day  ?      Anf.  17/1.  6m.  43/or. 

CASE         V. 

To  find  the  value  of  any  decimal  of  a  pound  by  Infpeclion. 
RULE. 

Double  the  firfl  figures  or  place  of  tenths,  *"or  (hillings,  and 
if  the  fecond  figure  be  5,  or  more  than  5.  reckon  another  fhif- 
ling  ;  then,  after  the  5  is  deducted,  call  the  figures  in  the  fecond 
and  third  places  fo  many  farthings,  abating  i  when  they  are 
above  1 2,  and  2  when  above  36,  and  the  refuit  will  be  the  anfwer. 

Note.  \Vhen  the  Decimal  has  but  2  figures,  if  anv  thing  re 
main  after  the  {hillings  are  taken  out.  a  cypher  muft  be  annexed 
to  the  right  hand,  or  fuppofed  to  be  fo. 

EXAMPLES. 

i.  Find  the  value  of  ,876^.  by  Infpedlion. 
i6s.         zr  double  of  8. 

is.        for  the  5  in  the  fecond  place,  which  is  to  b:  taken  out  off* 
And.         6*d.  m  26  farthings  remain }  to  be  added t 
-4d.jor  the  excefs  of  12, 

.  the  unfair. 

2.  Find 
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2.  Find,  by  Infpeftion,  the  value  of  } 
Ss.     -     —  double  of  4. 

is.     -    for  the  5  in  the  place  of  hundredth*. 

iOd.  rr  40  farthings,  a  o  bring  annexed  to  the  remaining  4. 
Dcdutt      \d.for  the  excefs  of  36. 

9?.  9|<f.  the  Anfrotr. 

3.  Find  the  value  of  ,097^*.  by  Infpeftion.  Avf.  is.  -'>%d. 

4.  Value  the  following  decimals  by  Infpection,  and  find  their 
fum,  viz.  ,785jf  .  -f  ,537£.  4.  ,916£.  +  ,74£.  4.  ,5f  .  -f.  ,25£.  + 

Oi'-  '>&  4n..     161.  6rf. 


FEDERAL        MONEY. 

The  pupil  being  well  acquainted  with  Decimals,  it  will  be 
proper  to  introduce  here  an  account  of  the  Federal  Money,  as  fet> 
tied  by  Congrefs,  the  8th  of  Augirft,  1786,  when  it  was  "  Rejolved, 

"  That  the  fbndard  of  the  United  States  of  America,  for  gold 
and  filver,  {hall  be  eleven  parts  fine  and  one  part  alloy. 

"  That  the  Money  Unit  of  the  United  States  (being  by  the  Re- 
folve  of  Congrefs.  of  the  6th  of  July  1785,  a  Dollar)  fhall  contain, 
of  fine  filver,  375^  grains. 

'*  That  the  money  of  account,  to  correfpond  with  the  divifion 
of  coins,  agreeably  to  the  above  Refolve,  proceed  in  a  decimal 
ratio,  agreeably  to  the  forms  and  manner  following,  viz. 

((  Mill,  the   loweit  money  of  account,  of  which  lOOO 
fhall  be  equal  to  the  federal  dollar,  or  money  unit,        -      O.OOi. 

*'  Cent,  the  higheft  copper  piece,  of  which  iOO  fhall 
be  equal  to  the  federal  dollar,  -         O,OiO. 

"  Dime,  the  lowed  filver  coin,  of  which    10  (hall  be 
equal  to  the  dollar,  O,iOO. 

"  Dollar,  the  higheft  filver  coin,     -  -  1,000 

"That,  betwixt  the  dollar  and  the  lowed  copper  coin,  as  fix 
ed  by  the  Refolve  of  Congrefs  of  the  6th  of  July,  1785,  there 
{Shall  be  three  filver  coins,  and  one  copper  coin. 

"  That  the  filver  coins  fhall  be  as  follow  :  One  coin  contain 
ing  187-^  grains  of  fine  filver,  to  be  called  a  Half  Dollar  :  One 
coin  containing  ^ST^O  grains  of  fine  filver,  to  be  called  a  Double 
Dime.  :  And  one  coin  containing  37TJ£cr  grains  of  fine  filver,  to 
be  called  a  Dime. 

"  That  the  two  copper  coins  fhall  be  as  follow  :  One  equal  to 
the  one  hundredth  part  of  the  federal  dollar,  to  be  called  a  Cent  ; 
and  one  equal  to  the  two  hundredth  part  of  the  federal  dollar, 
to  be  called  a  Half  Cent. 

"  That  2|ft  Avoirdupois  weight  of  copper,  {hall  conftitute 
iCp  Cents. 

«  That 
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"  That  there  fhall  be  two  gold  coins  :  One  containing  246-^^. 
grains  bf  fine  gold,  equal  to  10  dollars,  to  be  ftarnped  with  the 
impreflion  of  the  American  Eagle,  and  to  be  called  an  Eagle  : 
One  containing  is.Si^g^g-  grains  of  fine  gold,  equal  to  5  dollars, 
to  be  ftamped  in  like  manner,  and  to  be  called  a  Half  Eagle. 

"  That  the  mint  price  of  a  pound  Troy  weight,  of  uncoined 
filver,  eleven  parts  fine  and  one  part  alloy,  fhali  be  9  dollars,  9 
dimes  and  2  cents. 

"  That  the  mint  price  of  one  pound  Troy  weight  of  uncoin 
ed  gold,  eleven  parts  fine  and  one  part  alloy,  fliall  be  209  dollars, 
7  dimes  and  7  cents." 

As  the  money  of  account  proceeds  in  a  decuple,  or  tenfold 
proportion,  fo  anyriumber  of  dollars,  dimes,  cents  and  mills, 
is  fimply  the  expreffion  iof  dollars  and  decimal  parts  of  a  dollar  : 
Thus  9  dollars  and  8  dimes  are  exprefled  9,8—9^/0^.  — 12  dol 
lars,  4  dimes  and  7  cents  thus,  12, 47~i ?.~7-5d/)ll.—2O  dollars.  3 
dimes.  4  cents  and  5  mills,  thus  20.345  =:2OT%%^0#. —  'oo  dollars 
and  9  mills,  thus  lOO.OOy—iOO^-^doll.  and  50  dollars,  5  cents, 
thus,  5O)O5~5Q-£^doll.  wherefore,  it  is,  in  all  relpefts,  added, 
fubtracled,  multiplied  and  divided,  the  fame  as  decimals  ;  and, 
of  all  coins,  it  is  the  mod  fimple. 

Dime.  Dot.    Sa. 


Marked.     Mills. 

Cent. 

1  10  Mills,      ' 

1  „  f  Cent.    m.  c. 

10  — 

I 

ii 

1  10  Cents, 

[  §  J  Dime.        d. 

lOO±z 

10  — 

£ 

r  10  Dimes, 

fi]   Dollar.     D. 

.ooc  — 

loon: 

M> 

1  10  Dollars,  _, 

1  s  I  Eagle.       £. 

loooc—  : 

LOOOZZ 

ADDITION    of  the    FEDERAL    MONEY. 

Add  2,5!  eagles  ;  7  dollars,  8  dimes,  3  cents,  4  mills  ;  125 
dollars,  8  cents  ;  5  eagles,  9  mills  ;  18  dollars,  7  cents  and  4 
mills  together,*  *.,  .> 


Nate.  That  the  dollars  occupy  the  fiiH 
place  at  the  left  hand  of  the  comma,  and 
eagles,  all  the  places  at  the  left  of  cel 
lars  :  But  eagles  and  dollars,  reckoned 
together,  exprefs  the  number  of  dollars 
contained  in  the  fum,  as  349  is  34  eagles 
Sum.  455,997  and  9  dollars  ;  equal  to  349  dollars.  &c. 

S  u  B  T  R  A.C  11  oy  , 

*  It  may  beobfervcd  that  the  fum  exhibits  the  particular  number  of  each  differ* 

cnt  piece  of  money  contained  in  it,  viz,  4,55997  mi  li  sir  45599-  ^  cents 

£.  D,  d.  c.  m. 


—  4  5  5,  9  9  7* 

N 


q8  Jf  •      E      D      F      R       A      T  ^      ^      N      E      Y. 

Z>.     ^.   f.  »:. 


F     E     D     E 

R     A     L 

M     O 

S  u 

/.  n  d  c.  m. 

£    T;    R    A     C 
D. 

T     I     0     N 

»S479,  8  i  5 
8^85,  946 

49564'., 

0   0    I 

7  9  5 

449^,  .8  6  9 

276844," 

206 

ke       o^os,    Q   4    u  213-ot).    n    n    r  45Q?    379 


/V^/.  13470,  815  ^.-v 

MULTIPLICATION'. 

When  you  have  pointed  off  the  decimals  in  the  product,  ac 
cording  to  the  rule  in  Multiplication  of  Decimals,  all  beyond  the 
mills,  or  third  place  of  decimals,  are  decim^parts  of  a  mill. 

J).  d.  c.m. 

Bought  37  horfes  for  fhipping,  at  48,  5  73  per  head  :  What 
cane  they  to  ? 

D.  d.  c.  m. 
Mult.  45, 8  4  6 

h     23>°94 

340011  1^3384 

145719  412614 

i37538° 


2797,201  91O92 

Z>.  d.  c.  m. 


Anf.  1058,767^ 
DIVISION. 

i.  If  icoo  oranges  cofl  10  dol-  2.     If    3730   bufhels   of 

Lars,  what  is  that  apiece  ?  corn  coft  2025,39  dollars  ,- 

D.  d.  c.  D.  d.  c.  What  is  that  per  bufhel  ? 

1000)1-0,0  0(0,  o  i  Anf.*  D.d.  c.  m. 

10  o  o  3730)2025>39(°35  4  3 

*A 

3.  Divide  12976  dollars  batween 

7  men-  W 

7)12976 


1853.714!-  Anf.  in  dol.  dim.  &c. 

DECIMAL 

Alfo,  the  names  of  the  coins,  lefs  thin  a  dollar,  are  fignificant  of  their  values. 
For  the  mill,  which  ftands  in  the  3d  place  at  the  right  hand  of  the  comma,  or 
"  place  of  thousandths,  is  contracted  from  mille,  the  Latin  for  thoujand  :  Cent,  which, 
occupies  the  fecond  place,  or  place  of  hundjedths,  is  an  abbreviation  of  centum,  the 
Latin  for  hundred  :  And  dime,  which  is  in  the  firft  place,  or  place  of  tenths,  is  de 
rived  from  difmty  the  French  for  tenths. 

*  And  here  I  would  remind  the  learner,  that  when  he  has  brought  down  all  his 
whole  numbers,  or  dollars,  in  the  dividend,  he  muft  place  a  comma  in  the  quo 
tient  ;  and  if,  when  he  has  brought  down  the  next  figure,  he  cannot  have  the  divifor 
oacC)  he  muft  place  a  cypher  at  the  right  hand  of  the  comma,  in  the  place  of  dimei. 

m-     <          *iQ 


^DECIMAL    TABLES    OF   COIN,  \V  E  IGHT  and  ME  ASU  RE. 

<  I'ABLJE 

/'-'    ' 
Shil.  dc 

19    ,9 
18     ,9 
17     ,8 
16     ,8 
!  »5     '7 

;n 

12      ,6 

411  '5 

1  10     ,5 

:  i.  COIN 

hie    Integer 

c.  Shil.  dc 
5      9      ,45 
8      ,4 
5      7      -3, 
0  .  -3 
5      5      ,2. 
4      ,a 
5     3     ,J5 

2         ,1 

5      l      .05 

Pwts. 
5 
4 
3 

2 
1 

Decimals. 
,020833 
,o»6666 
,0125 
,008333 
,004166 

Pounds 
1  1 

10 

9 
8 

6 
5 
4 
3 

2 

I 

.   Decimal 
,cq8^ 
,0892 
,0803 
,07  14 
,0625 

.0535'7 
,04464 

»Q357» 
,01678 
,01785 
,00892 

.    Drattis 
6 
5 
4 
3 

2 
1 

T  A  i 

C  LOT  11 

i  Yard 
(Juartei 

Q 

.    Decimals. 
>o?3431 

»019,'J3l 
,0^625 
,0.1171'$ 

I   ,007812 
_Q°C39c6 

L  K     VI." 
XJEASURK; 

t  ie  Integer, 
s,  DLCimals. 

:75 

>5 

»'a,5  
Decimals, 
,'«?5 

'cefj 

Grains 
1  1 

10 

1 

6 

5 
4 
3 

2 
1 

Decimals 
,002083 
,00191 
,001736 
,001562 
,001389 
,001215 
,001042 
,eoc868 
,000694 
,000521 
,000347 
,000173- 

Ounces. 
»5 
J4 
J3 

i  i 

10 

6 
5 

4 
3 

2 
1 

Dtc:nu 
•00837 
,00781 

,00725 
,00669 

^;i 

,00502 
,00446 
,00390 

,00334 
,00279 
,002*3 
,00167. 

,C011l( 

,00055 

•2 
1 

Nails. 
3 

2 

1 

Pence. 

11 

10 

9 
8 

i 

!       3 

2 

1 

Decimals. 

,045833 
,041666 

»°375 
»°33313 
,029166 
,025 
,020833 
,016666 
,0125 
,008333 
,004:66 

T  A  13 
LONG 
i  Mile 

Yards. 

1000 

900 
800 

700 
600 

500 

4DC 

300 

200 

L  E    VII. 

MEASWRE. 
the  Irteger. 
Decimals. 
,568182 
,5113^-i 
,451545 
,327727 
»34 
,284091 
,227272 

,170^54 
,113636 

,056818      , 
,051136 
.045154 
,039773 
,03409* 
,028409 
,022727 
,017045 
,011364 
,005682 
,005114 

,004545 

,003977 
,003409 
,002841 
,002273 

,001704 
,001  136 
,000568 

Oz.   the    Integer. 

Pennyweights  the 
ame  as  Shillings  in 
he  firrt  Table. 

Grams. 

12 
H 

1O 

7 
6 

5 
4 
3 

2 
1 

Decimals. 

,025 
,022916 
,020833 
,01875 
,oi666S 

,oi4583 
,0125 
,010416 
,008333 
,00625 
,004166 
,002083 

Farthing 
3 

2 
I 

s  Decimals 

.003125 
,002083; 
,0010416 

rs.ot  ozs. 

2 

Decin 
,00041 

,0002 
.OOOl,": 

|    TAB 

C0ii»& 

|    i  Shil. 
the 
|  Pence  & 
•Inches. 
1  1 
10 

6 
5 
4 
3 

2 

I 

L  E    11. 

Long  Meal 
&  I  Foot 
[nteger. 

Decimals. 
,9:6666 
>833333 
.75 
,666666 

,583333 
,5 
,416666 

,333333 
>25 
,166666 
,083333 

TAB 
\vo:Rr 
iftth 
Ounces. 
J5 
»4 
»3 

12 
11 

IS 

9 
8 

6 
5 
4 
3 

2 

I 

)rams. 

!5 

14 

J3 

12 
11 

10 

7 

LEV 
».  WEIGH 

^nteger 
Decirna 
k  -9375 
.875 
,8125 

>75 
,6875 

>6-5 
,56a5 

>4375 
>375 
,3'25 
,25 
'^875 
,125 
.0625 

Decimals. 
,°59493 
,055587 
,o5l68i 

,047775 
,043868 
,039962 
,036056 
,03215 
,027343 

100 

90 
80 

7° 

60 

5D 

40 

3° 

20 
10 

9 
8 

7 
6 

5 
4 
3 

2 

T  A  a 

A.VOIRI 
112ftt 

Qrs. 
3 

2 
•1 

L  E    IV. 

)UPOIS  Wt. 
ie  Integer. 
Decimals. 
^75 
,5 
^25 

Bounds 
27 
26 

25 
24 

*3 

22 
21 

20 

19 
l8 

*"7 
16 

*5 
»4 
1 

12 

Decimals. 
,241071 

i233I43 
,223214 

,214286 
,205357 
,196428 
,1875 
,178571 
,169643 
,160714 
,151786 
,142857 

,i33928 
,125 

,110671 
,107143 

Farthing 
3 

2 
I 

>  Decimals 
,0625 
,041666 
,020833 

T  A  li 
TROY 
ifcthe 
Ounces 
TAB 
Pwts. 

10 

7 

LE     III. 

WEIGHT. 
Integer, 
.he  fame  as 

LE   II. 

Decim-als. 
,041666 
»°375 
.033333 
,029166 

»®25 

Feet. 

2 

Decimals. 
,0003787 
.0001892 

nches, 
6 

decimals. 

,0000947 
,000079 
,0000632 
,0000474 
,0000316 
0000158 
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•  TABLE   VIII. 

Days. 

Decimals. 

i  Day  the  Integer.  Hours 

Decimals. 

LIQUID  MIA^. 
i  Gallon  thelnteger. 

go 

80 

r->9>7* 

Hours. 
23 

'Decimals. 
>958333 

d 

4 

^08333 
,166666 

Quarts  the  fame  as 

70 

,191781 

22 

,916666 

3 

12  £ 

qrs.  in  TABLE  Vi. 

60 

.164383 

2,1 

,875 

2 

oSqqq1} 

J  Pint. 
3P  i  1  1  - 

,125 

5° 

,.36986 

20 

1-^^,041666 

LrlJl 
2 

>°9375 
,0625 

4° 
3° 

,109589 
,082192 

l8 

,791666 

Minutes. 
so 

Decimals. 
,0208^3 

1 

»°31  3^ 

20 

10 

>°S4794 
.027397 
,024657 

17 
l6 

^666666 
,6*5 

o 
20 
|    1O 

,013888 
,006944 

T  A 

B  L  E    IX. 
TIME. 

i  Yeai 

Monti 
Pence 
Doys. 
365 

r  the  Integer, 
s  the  fame  as 
in  TABLE  II. 
Decimals. 

l.OOOOOO 

6 

5 

4 

,021918 
,019178 
,016438 
,013698 
,01°959 

14 
13 
12 
11 
10 

,583333 
,541(366 

>5 
>458333 
,416666 

9 
8 

7 
6 

5 

4", 

>co5555 
,004861 
,004166 
,003472 
,002777 

300 

,8219*8 

3 

,008219 

9 

,375 

3 

,002083 

200 

,547945 

2 

.005479 

8 

,333333 

2 

,001388 

100 

,273973 

1 

,002739 

7 
6 

,291666 
,25 

x 

,000694 

COMPOUND      MULTIPLICATION* 

Is  extremely  ufeful  in  finding  the  value  of  Goods,  &c.  And 
as  in  Compound  Addition  we  carry  from  the  loweft  denomina 
tion  to  the  next  higher,  fo  we  begin  and  carry  in  Compound 
Multiplication  :  One  general  rule  being  to  multiply  the  price 
by  the  quantity. 

CASE       I. 

When  the  quantity  does  not  exceed  i  2  yards,  pounds,  &c.  Set  down 
the  price  of  i,  and  place  the  quantity  underneath  the  lead  de 
nomination,  for  the  multiplier,  and,  in  multiplying  by  it,  obferve 
the  fame  rules  for  carrying  from  one  denomination  to  another 
as  in  Compound  Addition. 


INT 

Multiply  15 
by 

ROD 
i. 

S.       d. 
17       1 
2 

U    C     T    0 
2, 

£•    s> 

25       12 

R 

d. 
8 
3 

19 

6    8£ 
6 

6. 

13       12 

11 

7 

E  x 

3- 

£ \   s. 

45    9 


A    M 

d. 
10 
4 


67    18 


i?6 


12 


8. 
17 


9. 

*  The  product  of  a  number,  confifling  of  feveral  parts  or  denominations,  by  any 
fjmpie  number  whatever,  will  be  expreffcd  by  taking  the  produft  of  that  fimple 
/lumber,  and  each  pan  by  itfelf,  as  fo  many  dittindr.  queftions  :  Thus  ^.33  155.  g</. 
multiplied  by  5,  will  be  £.165  77^.  45^  rr:  (by  taking  the  (hillings  from  the  pence, 
and  (he  pounds  from  the  (hillings,  and  placing  them  in  the  {hillings  aud  pounds 
..vdyj  /  .-.68  185.  oaf.  ,i«<i  this  will  be  true  when  the  multiplicand  is  any 

.  l':VCt> 
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g.                                              10.  11.                                              12. 

£'   13    4i          %    >5  >>i       !  *«'    »9  **          ^4  ''"  ?S3 

10  11                                                    12                                                           O 


*33     »9     2I 

In  the  laft  example,  I  fay,  9  times  1159  farthings  m  2.\d,  \  fet 
down  -  and  carry  ay-faying,  9  times  8  is  72,  and  2  i  carry  makes 
74  pence  zr  6j.  20.  I  fet  down  2"Jin  the  pence,  and  carry  6  ;  then, 
9  times  7  (the  unit  figure  in  the  {hillings)  is  63,  and  6  I  carry  is 
69^  I  fet  down  9  glider  the  unit  figure  of  the  (hilling:;,  and  carry- 
6,  faying,  9  times  i  is  9,  and  6  i  carry  is  15.  then  I  halve  15, 
which  157  and  i  over,  which  I  fet  in  the  ten's  place  in  fhillings, 
and  that,  with  t^ie  9,  makes  19  {hillings  ;  then  I  carry  the  7  as 
pounds  :  Laftly,  ^times  4  is  36^and  7  1'fcarry,  are  43  pounds  ;  I 
fet  down  3.and  carry  4,  faying,|9  times  i  is  9,  and  4  1  c  try 
makes  13,  wltich  I  fet  down,  a-ud'tihe  produft  15^.133  19*.  ~|d. 

P    R    A     C    T     I     C     A'  L        O     U     E     S     T     I     O     N     S. 

^ 

a.  What  will  9  yards  of  cloth,  at  $s.  $d.  per  yard,  comje  to  ? 
£.    s.    d*Q,* 
o     5     ^  price  of  one  yatd*  ^ 
Multiplied  by  9 yards. 

Anf.  £.2     8     o  price  of  9  yards. 

Quejlions.  s. 

fid.    3  yards,  at  15 

<jd.    6  ~  at  9     1U      •- 

4th.  5 --at  29       6     J.  per  yard. 

5th.  9  ^at  13 

6th.^7  — —  at  39     io| 


CASE       II. 


When  the  multiplier,  that  is,  the  quantity,  is  above  12,  you  mud 
multiply  by  two  fuch  numbers,  as,  when  multiplied  together, 
will  produce  the  given  quantity. 

E    X    A    M    P     L     E    S. 

a.  What  will  144  yards  of  cloth  coft,  at  31.  ^d.  per  yard  ? 
£.  's.    d. 

O     3     5%  price  of  one  yard. 
Multiplied  by  12 

Produces          2     i       6  price,  of  12.  yards, 
Multiplied  by  12 


18    Q  price  of  144.  yards, 

Quefions, 


i02    COMPOUND    M  U  L  T  I  P  L  I  C  A  T  I  O  NL 

Quejtions. 

s.       d. 
ad.     24  yards  at       6 

4th.  44 at     12 

5th.  55 at  *     8 

6th.  72 


When  the.  quantity  is  Juch  a  number,  as  that  no  two  numbers  inr±tkt 
table  will  produce  it^  exatlly  :  Then  multiply  by  two  fuch  numoers 
as  come  the  neareft  to  it  ;  and  for  the  number  wanting,  multiply 
the  given  price  of  one  yard  by  the  faid  number  of  yards  wanting, 
and  add  the  produfts  j^pgether  for  the  anfw^r  ;  but  if  the  pro- 
duel:  of  the  two  numbers  exceed  the  given  quantity,  then  find 
the  value  of  the  overplus,  which  fubtraft  from  the  lafl  product, 
and  the  remainder  will  be  the  anfwer. 

EXAMPLES.  ^    jjf 

i.  What  will  47  yards  of  cloth,  at  iqsi'-yd.  per  yard,  come  to  ? 

£.  j.  ®.  ^-.v. 

o     17     9  price  of  i  yard. 
Multiplied  by  5 

—  -  ~   A  4*       -r- 

Produces       4       8     9  price  of  5  yards. 
Multiplied  by  9 

Produces     39     18     9  p&ce  of  ^45  yards. 
Add      i     15 


41      14     3  'price  of  47  yards. 

Note.  This  may  be  performed  by  firft  finding  the  value  of  48 
yards,  from  which  'if  you  fubtraft  the  price  of  u^  the  remainder 


111  DC 

2d. 

3du 
4th. 

5th. 
6th. 

tne  amwc 

Quejlions 
Yds. 

65*     ^ 

;r  do 

5 

9 

43 
i5 

dUUVC. 

d. 

7$  per  yard. 

^r/a* 

£.     j. 

zi:    21       i 

rj. 
5. 

JO 

5 
10 

7- 

59      ~ 

34 

—     &4 

=     28 

5 
o 

I- 

7 

'354 

4 
11* 

—  ^y.5 

QO 

CASE 

—    y^ 
IV. 

When  the  quantity  is  any  number  above  the  Multiplication  Table  :  Mul 
tiply  the  price  of  i  yard  by  10,  which  will  produce  the  price  of 
10  yards  :  This  produft,  multiplied  by  10,  will  give  the  price  of 
100  yards  ;  then,  if  the  quantity  do  not  exceed  hundreds,  you 
muft  multiply  the  price  of  one  hundred  by  the  number  of  hun 

dreds 
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dreds  in-your  queflion  ;  the  price  of  ten  by  the  number  of  tens  ; 
and  the  price  of  unity,  or  i,  by  the  number  of  units  :  Laftly}  add 
thefe  feveral  products  together,  zffrd  the  fum  will  be  the  anfwer. 


x  A 


5* 


will  3,59  yards  of  cloth,  at  4J.  ^\d.  per  yard,  amount 


^  price  of  one  yard. 


10 


3  price  of  \Q  yards. 
10 


23       2*    6  price,  of  iOO yards. 


• 

5  times  the  price  of\  o  yd,s 
9  timts  the  price  of  i  yd, 

Anjwer 

Quejtions. 
«d.     297  yards,  at 

3d.     473 

4th.   512  

6th.   765 


6.9 


s. 

i? 

9 

15 

12 

19 


7 
1 1 

i 


6  j&rzce  o/"  300  yards. 
3  ^rzcc  o/  50  yards. 
rice,  of  9  yards. 


\  price  of  $$$  yards. 


d.  £. 

82  per  yard,  zz  256 

11™        <•— •••    one 

***    '  —  -'.-Jo 

10      zz  405 

o        ...          onr 

—  695 

9l —757 


5l 

o 
7f 


CASE 


V. 


When  the  quantity  does  not  exceed  200,  nor  the  price  12 
pence,  then,  by  the  pence  table,  find  what  it  comes  to,  atone 
penny  per  yard,  &c.  and,  multiplying  this  fum  by  the  number  of 
pen€e  in  the  price,  the  produft  will  be  the  anivyer. 


E 


X    A  '  M     P     L    E 


.  What  will  129  yards  coft,  at  g&d.  per  yard  ? 

*Mt^  £.  ,.  vd. y 

iz^  pence    zz  o     10  ^9  the  price  at  id.  per  yd. 
9 


4     169  th&$rice  at  yd.  per  yd. 
.ios.  gd.  zz      .5     <£  tWprice  at\dtperyd. 
One  fourth  of  iQs.  yd.  zz  •  '      2     8^  thipricc  at  \d.  per  yd. 

Anfwtr  £.5     4 


9  Jrf. 
Qucjtiont* 
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Queftions. 

Yds. 
2d.     145}  -    a* 
3d-       75      — 
4th-     63l    — 
5th.   I23|    — 

1  1  ^d.  per  yard 

&                j*?^  J  .._,  J_ 

** 

Anfuers. 

£.   ,.      d. 
rz  6     19      z, 
=  2-3      9 
~  o     19     10 

=  159^ 

-—    o         R         h 

C..A     S     E         IV. 

To  find  the  value  of  one  hundred  weight  :  —  -As  112  is  the  grofs 
hundred,  fo  112  farthings  are  ~  zs.  ^d.  and  112  pence  rrr  9*.  4^. 
therefore,  if  the^price  be  farthings,  or  not  more  than  %d.  multiply 
2j.  qd.  hy  the  farthings  in  the%price  of  tft,  or,  if  the  price  be 
pence,  multiply  $sm  ^d.  by  the  pence  in  the  price  of  ift,  and  in 
either  cafe  the  product  will  be  the  anfwer. 

EXAMPLES. 

1.  What  will  i  Cwt.  of  chalk  come  to,  at  i\d.  per  ft  ?    , 
i\2Jarthings  'm  024  price  cf  i  Cwt.  at  ±d.  per  fe.  " 

i\d.  ±z  b  Jar  things  in  the  price. 

Anfwer  £,o     14     o  price  of  \  Cwt.  at  i\d.  per  ft. 

s.    d. 

2.  i  Cwt.  of  tin  at  2\dt  per  fb  ?     2     4  price  ofi  Cwt.  at  \d.pzr  ft. 

$  farthings  in  the  price  of  i  ft.  ;< 

Anfwer  £.  \ 


3.  i  Cwt.  of  lead  at  *]d.  per  ft  ?    9     4  price  of  i  Cwt.  at  id.  per  ft. 

7  pence  in  the  price  of  i  ft. 

£*'3     5     4  price  of  iCzvt.  at  yd.  per  Ik. 

Quefi.ions.  '  Anjwtrs. 

Cwt.  £»    s.    d. 

4th.     i  of  copper  at  o|d.  per  ft  nr  o     7     o 

th.     i  of    —  Lj»  ajrf.  lq.        ~  i     4     6 


5th. 

6th.     i  of    —        4fd.  —220 

CASE         VIL 

Tojind  the  value  of  two,  cr  more,  hundreds,  by  having  the  price  of' 
one  pound  .-— Firft,  find  the  price  of  t  Cwt.  by  the  Uft  Cafe,  and 

then 
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then   proceed  to  find  the  value  of  the  whole  by  Cafe  ift.  or  28, 
as  the  queftion  may  require. 

EXAMPLES. 

i.  What  is  the  value  of  ^cwt.  of  fugar,  at  6d.  per  ft  ? 
£.   s.    d. 

094  price  of  icwt,  at  i  d.  per  ft. 
6 


a  16     o  price  of  ditto  at  6d.  per 
5 


14    o     o  price  o 
i  qr.  of  a  cut.  —    o  14     o  price  of  £ 

£  14     Q  price  o 


Quejlions. 

Cwt.  £."  s.    d. 

ad.    4    of  fugar  at  af d.  per  ft.   zr    4     13     4 

3d.    8|  5       =  19     16     8 

4th.  7    , 4|     „ =  15     io    4 

5th. 
6th.  _ 

CASE        VIII. 

T0  j5n<i  the  value  of  a  hundred  weight,  token  the  price  of  ift  z'j  any 
number  of  pounds  and  Jhillings  ;  or  fallings  pence  and  farthings  : 
Multiply  the  price  of  ift  by  7,  its  product  by  8,  and  this  product 
by  2  •  which  lafl  product  will  be  the  anfwer  required. 

EXAMPLES. 

i.  What  will  i  cut.  of  tobacco  coft,  at  5*.  7^.  per  ft  ? 
•£•    s.     d+ 

O     5     l^priuof  \  ft. 
7 


15  ^5       °   price  of  56  ft  or  |-  czct. 
2 


Anf.  £\3i   10       o  price  of  1 22  ft  or  i  c&t. 


O  Qutjlions, 
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Queftions* 
sd.     i  Cwt.  at 

s.      d. 
3     10.1  per  ft  --. 

Anfzacrs. 
£.     s.    d. 
21      14     o 
53       4     ° 
94     19     4 
no       5     o 

<55     17     4 

4th.    i  ditto  — 
5th.     l  ditto  — 
6th.    i  ditto  —  £.1 

0                 — 

16     ii-f.    — 

19     J*    = 

PRACTICAL  QUESTIONS  in  WEIGHTS  and  MEASURES. 

What  is  the  weight  of  4  hogfheads  of  fugar,  each  weighing 
.  §qrs.  igft  ?  Anf.°  Qicwt.  zqrs.  zOft. 

What  is  the  weight  of  6  chefts  of  tea,  each  weighing  gent. 
2$rs.  gft  ?  Anf.  21  cut.  iqr.  2olb, 

3.  If  I  am  poffeffed  of  i£  dozen  of  filver  fpoons,  each  weigh 
ing  302.   spwt.  —  2  dozen  of  tea  fpoons,   each  weighing  i^pzot. 
iqgr.  —  3  filver  cans,  each  902.  *jpwt.  —  2  filver  tankards,  each  zioz. 
i^pwt.  and  6  filver  porringers,  each  1102.  iftpwt*     Pray,  what  is 
the  weight  of  the  whole  ?  Anf.  i8ft  402.  $pwt. 

4.  In  35  pieces  of  cloth,  each  meafuring  274  yards,  how  ma 
ny  yards  ?  Anft  97  1|  yards. 

5.  How  much  brandy  in  9  cafks,  each  containing  4$gal.  %qts. 
tpt.  ?  Anf.  4i2gal.  ffls.  ipt. 

6.  If  I  have  9  fields,  each  of  which  contains  12  acres,  2  roods 
and  25  poles  ;  how  many  acres  are  there  in  the  whole  ? 

Anf.  113^,  3r.  25^. 

COMPOUND     DIVISION* 

Is  the  dividing  of  numbers  of  different  denominations  :  In  do 
ing  which,  always  begin  at  the  higheft,  and  when  you  have  divid 
ed  that,  if  any  thing  remain,  reduce  it  to  the  next  lower  denomin 
ation,  and  fo  on,  till  you  have  divided  the  whole,  taking  care  tofet 
down  your  quotient  figures  under  their  refpeftive  denominations. 

INTRODUCTORY    EXAMPLES. 

i.,  2.  3. 

£  .      s.     d.  £.      s.     d.  £.      s.     d. 

Divide  549     17     9^5        8)19?     13     7£        4)73*     5     io| 


19 


4. 

*  To  divide  a  number  confifting  of  feveral  denominations  by  any  fimple  number 
whatever,  is  the  fame  as  dividing  all  the  parts  or  members  of  which  that  number  is 
compofed  by  the  fame  number.  And  this  will  be  true  when  ajiy  of  the  parts  are 
not  an  exaft  multiple  of  the  divifor  ;  for,  by  conceiving  the  number,  by  which  it 
exceeds  that  multiple,  to  have  its  proper  value  by  being  placed  in  the  next  lower 
denomination,  the  dividend  will  ftill  be  divided  into  parts,  and  the  true  quotient 
found  as  before  :  Thus,  £41  17*.  6d.  divided  by  6,  will  be  the  fame  as  £.36  117*, 
424,  divided  by  6,  which  is  equal  to  £.6  19*.  ni.  as  by  the  rule. 
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4.                          5.  6.                            7. 

£.    s.    d.                £.   s.    d.  £.     s.    d.               £.    s.    d. 

2)97  19  ict          6)37  1!  4i  7>93-*5  9|          8)73l)  ^  14. 


8.  9.  10.  u. 

£.     s.    d.  £.    s.    d.  £.    s.    d.  £.    s.    d. 

9)471   18  ioi.        10)79  '3  9-2-       ll)58  19  n-f-         i*)^  J7  9i 


In  the  firft  example,  having  divided  the  pounds,  the  4,  which 
remains,  is  4  pounds,  which  are  equal  to  80  {hillings,  and  17  in 
the  (hillings  make  97  ;  I  then  find  5  is  contained  19  times  in  97, 
and  2  over  :  I  fet  down  19  under  the  (hillings,  and  reduce  the  a 
(hillings,  which  remain,  into  pence,  and  they  make  24,  and  the  9 
pence,  in  the  queftion,  added,  make  33  :  Then,  how  often  5  in 
33  ;  I  find  ft  6  times,  and  3  over.:  I  letdown  6  under  the  pence, 
and  reduce  the  3  pence,  which  remain,  to  farthings,  and  they 
make  12  ;  then,  how  often  5  in  12  ;  I  find  it  to  be  twice  :  I 
therefore  fet  down  \d.  and  the  2  which  remains,  is  -|  of  a  farthing, 
which  I  make  no  account  of. 

12.  13,  14.  15. 

T.    cwt.  qr.  ft    oz.    dr.  T.  cwt.  qr.  ft  Czvt.  qr.    ft  ft    oz,  dr. 

3)29  13  2  25  12  13       4)6  ii  3  19       5)14  i   12       6)10  13  9 


16.  17.  18.  19. 

ft    oz.  ft  oz.  pwt.gr.  ft  0.2.  pwt.gr.  ft      oz.prut.gr. 

7)20  13         8)7  10  15  2        9)56  9  13  19         10)849  11   12  14 


2O.  21.  22. 

ft       oz.   put.  gr.  ft       I       3     9    gr.  ft       §      3     9    gr. 

12)529    10   7    1.4        2)37    10    5    i    12        5)37    11    6    2    17 


23- 

ft _  I   3  9  ^. 
9)348  9  4  o  19 


24. 

Yds.  qr.  n. 

4)76  3  2 

25. 

£.  £.yr.». 
5)97  4  i 

E.FLar.n. 
7)58    2    , 

28. 

D^-.  m.  /.    />.  //.  in.  ba 
6)97  55  7  35  4  2  i 
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3*-  32-  33-  34- 

Yds.ft.  in.  Ac.  r.    p.  Yr.  m.  w.  d.    h.     m.     .«•  Y.  m.  d. 

9)8  2  11        3)76  3  37        4)25  10  3  5  21  39  45        5)5  9  25 


M.    to. 

f\      «.'            M.     486L      .                        37. 

6)6    3 

5     10    29          7)9     21     12     45           8)3s  250  55'  25" 

38-                                            39- 

9)19°    45'    38"                    12)1890    87'     29" 

40.  Suppofe  that  two  places  lie  eaft  and  weft  of  each  other, 
and  it  is  found  by  obfervation  that  it  is  noon  at  the  former  2  hours, 
6'  30"  fooner  than  at  the  latter  ;  how  many  degrees  are  they  afunder? 

4')2A     6'     30",  Reduce,   the.  hours  and  minutes  to 

-  •  minutes  ,  then,  minutes  divided  by  4' 

3l°  37'     3°"  Anf.        give  degrees  in  the  quotient. 

41.  The  longitude  of  Cambridge  is  qh  44'  17",  and  that  of  Phil 
adelphia,  56  o'  43"  ;  how  many  degrees  difference  ? 

$k    o'     43" 
4     44     17 

4')o     16      26     . 

4°     6'     30"  Anf. 

PRACTICAL  QUESTIONS. 
CASE   I. 

Having  the  price  of  any  number  of  yards,  &c.  within  the  pence  table, 
tojind  the  price  of  unity,  or  i  yard.  If  the  quantity  do  not  exceed 
12,  proceed  by  fetting  down  the  price  and  dividing  it  by  the 
quantity  ;  which  quotient  will  be  the  price  of  one  yard,  requir 
ed  ;  but  if  the  quantity  exceed  12,  then  divide  by  2  fuch  num 
bers,  as,  when  multiplied  together,  will  produce  the  quantity, 
and  the  laft  quotient  will  be  the  value  of  i  yard,  required. 

Note.  This  cafe  proves  the  firft  and  fecond  cafes  in  Compound 
Multiplication. 

*,  If  9  yards  of  cloth  coft  £".4  3*.  7|d,  what  is  it  per  yard  ? 

£.   s.    d. 
9)4    3     7i 


i 
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2.  If  7  ells  coft  £.5  tys.  $d.  what  coft  i  ell  ? 

3.  If  1 1  fhcep  coft  £.6  $s.  gd.  what  did  each  coft  ? 

4.  If  1 2  gallons  of  pum  coft  £\8  i  is.  9  trf.  what  is  it  per  gallon  ? 

5.  If  84  cows  coft  ^.253  13-$".  what  is  the  price  of  each  ? 


6.  If  132  buftiels  of  corn  coft  /".so  12^.  6d.  what  is  that  per 
bufhel  ?  Anf.  &.  \%dm 

Note.  When  the  given  quantity  (or  divifor)  is  large,  and  not 
a  compoflte  number,  the  operation  may  be  performed  by  Long 
Divifion. 

CASE       II. 

Having  the  price  of  a  hundred  weight,  to  find  the  price  of  ift.     Di 
vide  the  given  price  by  8,  that  quotient  by  7,  and  this  quotient 
by  2,  and  the  laft  quotient  will  be  the  price  of  ift  required. 
i.  If  i  czut.  of  flax  coft  £.2  7J.  8J.  what  is  that  per  ft  ? 
£.    *.    d. 
8).     7     8 


7)0     5 


2)0     O 


o     o     5-£3-gd.  price  of  one  pound. 

5.  At  £.3  1OJ.  per  czut.  what  coft  i  ft  ?  Anf.  ^d. 

3.  At  £.6  6s.  per  cut.  what  coft  i  ft  ?  Anf.  is.  ii. 

4.  At/\42  us.  Sd.  per  cwt.  what  coft  ift  ?  Anf.  js.  j^d. 

5.  At  ^.19  5*,  per  ctut.  what  coft  i  ft  ?  Anf.  gs.  §±d. 

CASE       III. 

Having  the  price  offeveral  hundred  weight,  to  find  the  price  per  ft. 
Divide  the  whole  price  by  the  number  of  hundreds,  which  will 
give  the  price  per  cut.  and  then  proceed  as  in  the  laft  Cafe. 

1.  If  5  cwt.  of  fugar  coft  £".13  8j.  4^.  what  is  that  per  ft  ? 

/•     '•    d- 
5)'3     8     4 

8)  2   13     %  price  cf  i  cut. 
7)0     6     8%d.  price  cf  1  4  ft  or  %  cwt. 
2)00  i  lid.  price  &f  2  ft  or  -^  cwt. 
o     o     5  1  price  of  i  ft. 

2.  If  8  cwt.  of  cocoa  coft  ^15.  171.  ^d.  wfcat  is  that  per  ft  ? 

//«/.  4!^. 

3.  If  3|  cut,  fugar  coft  £.9  17*.  2</,  what  is  that  per  ft  ? 


no 
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4.  If  i-j  czut.  of  cotton  wool  cofl£.6  IQS.  8d.  what  is  that  per 

ft  ?  Anj.  8rf. 

Arofc.  This  Cafe  proves  the  7th,  in  Compound  Multiplication. 

CASE       IV. 

Having  'the  price  of  any  number  of  yards  ,  &V.  #0  Jfnd  the  price  of  i 
_y<3rd.  Divide  the  price  by  the  quantity,  beginning  at  the  higheft 
denomination,  and,  if  any  thing  remain,  reduce  it  into  the  next, 
and  every  inferior  denomination,  and,  at  each  reduction,  divide  as 
before,  remembering,  each  time,  to  add  the  odd  (hillings,  pence, 
&c.  if  there  be  any,  and  you  will  have  the  value  of  unity  re 
quired. 

Note.  If  there  be  J-,f.  or  f  of  a  yard,  pound,  &c.  multiply  both 
the  price  and  quantity  by  4,  and  then  proceed  as  above  directed. 

i.  If  951.  ft  of  figs  coft/\i6  13*.  6%dt  what  are  they  per  ft  ? 

ft  £.       /.      d. 

Quantity  ir:  954-  '  Price  nr  16     13     6| 

Mult,  by          4  4 

Products     382  for  a  dim/or.   Product.  £.66     14     3  for  a  dividend, 

£.       s.      d.    £.     s.    d. 
382)66     14    3  (o    3     5IIH  Per  ft. 

20 


1146 

l88 
12 

382)2259(5 
1910 

349 
4 

382)1396(3 
1146 


250 


2.  If  147  bufh,els  of  rye  coft  /\47  isj. 

3.  If  33!  yards  of  baize  coft  £.  25  13^. 


v   4.  If  172J  gallons  of  wine  coft 
lon  ? 


.  what  is  it  per  bufliel  ? 

Anf.  6s.  6|^ 

.  what  is  it  per  yard? 


.  what  is  it  per  gal 
" 
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£.  If  a  dozen  fheep  coft  ^.7  zs.  §d.  what  are  they  apiece  ? 

Anf.  iij-.  io|-rf. 
JV0^.     This  proves  the  3d  and  4th  Cafes  in  Multiplication. 

PRACTICAL    QUESTIONS     in    MONEY. 

i.  Divide  ^.273  <*s.  &d.  among  5  men  and  4  women,  and  give 
the  men  twice  as  much  as  the  women. 

Men.     Women.  £.    s.  d,  £.    s.  </. 

5  and  4  Livid:  by  14)273  9  4(19  10  8  rr:  i  woman's  Jkare. 

' 


Mult,  by  2 


10  //tares. 
Add  4  women'  sjliarcs. 

14  the  number  of  equal 
Jhs,res  in  the  o;//o/£:=rDi 


14  4  wemen. 

133  78     z  8  zn  women's  Jliare. 

126  -- 

—  £.19  10  8 
7  a 

or.     20  -- 

—  jC-39     14  =  1  man's  Jkare, 
14)149(10  5  wew. 

--  £.19$     6  8  —  men's  fare. 

9  78     2  8  —  women'  sjliare. 

—  £".273     94  -Proc/l 


2.  Divide  ^.120  17.?.  4<i.  among  7  men  and  7  women,  and  give 
the  women  Q  times  fo  much  as  the  men. 
£.    s.d. 

4     64  —  <s  man's  fnare. 
ia   19  o  —  a  woman's  Jhare. 

Divide  ^.39  12^.  5<^.  among  4  men.  6  women,  and  o  boys  : 
Give  each  man  double  to  a  woman,  and  each  woman  double  to  a 
boy.  £.  J.  d. 

1  i      I      ,5   :r—  a  boy's  JJiart. 
Anjzaer,  I  2      2    10  —  a  looman's  ditto. 

J  4     5     8  rz:  a  man's  ditto. 

4.  Divide  5  guineas  among  8  men  :  —  Give  A  8d.  more  than  B, 
and  B  8d.  more  than  C,  &c.  ^^j/i  H's  Jhare  —  155.  2^. 

RULES 

For  reducing  the  Federal  Coin,  and  the  Currencies  of  the  fer- 
eral  United  States  ;  alfo  Englifh,  Irifh,  Canada,  Novafcotia,  Li- 
vres  Tournois  and  Spanifh  milled  Dollars,  each  to  the  par  of  all 
the  others. 


I.  To  reduce  Newhampjhire,  M  of- 
fachufetts,  Rhodeijland,  Connec- 

ticut,  and  Virginia  currency  : 

i.   To  Federal  Money. 

Rule.  —  Reduce  the  {hillings, 
pence  andfarthings,  to  decimals, 
by  Infpeftion  (Cafe  3d,  Dec. 


Frac.)  divide  the  whole  by  3, 
putting  the  comma  one  figure 
further  to  the  right  hand  in  the 
quotient,  than  in  the  pounds  cf 
the  dividend,  and  the  quotient 
will  be  the  anfwer  in  dollars, 
cents  and  mills. 

i.  Reduce 
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1.  Reduce  ^.349  19^.  id.  to 
dollars. 

.9  ~  -§.  thcjhittings. 
,05  ~  odd  /hilling. 
4  «  qrs,  in  id. 

.954  nr  decimal. 

3)349-954        &•     c>  m- 
1106,513—1166,  51,  3  Anf. 

2.  Reduce  ig-r.  ifd,  to  dollars. 


3)»957         ^>-  c- 
3.19  —  3    19 

3.  Reduce  u.  to  cents... 

is.  zn  ,05    then 
3)0  5  c.     m. 

16    6 


w. 
3? 


o,t66f   rz 

4.  Reduce  id. 
id.  —  4  ^r^. 

3^004  c. 

001,3^=  * 

5.  Reduce  i^r. 

i</r.  zr  ,001041   and 
3),ooi  041 

0,00,347  zr  3ii>V;"^- 
2.  7b  Ncwyork  and  Northcaro- 
lina  currency. 

Rule.  —  Add  one  third  to  the 
Newhampfhire,  &c.  fum,  and 
the  fum  total  will  be  the  New- 
york,  &c.  currency. 

Reduce    f.ioo    Newhamp- 
fhire,  &c.  to  Newyork,  &c. 

3)100 
+   33     6     8 


^.133     6     8  Anfuer. 

3.  To  Ptnnfylvania^  Newjerfey, 
.Dclawareand  Mary  land  currency. 

Rule. — Add  one  fourth  to  the 
Newhampfhire,  &c.  fum. 


Reduce    £.mo    Newhamp. 
fhire,  &c.  to*Pennfylvania,  &c. 

4)100 


£.125  Anfuer. 

4.  To  Southcarolina  and  Geor 
gia  currency. 

Ruiz.  —  Multiply  the-New- 
hampihire,  &c.  fum  by  7,  and 
divide  the  produftby  9,  and  the 
quotient  is  the  anfwer. 

Reduce     £.100     Newhamp 
fhire,  <&c.  to  Southcarolina,  &e0 
100 
7 

9)7°° 
£.77   15  6|  Anfzvcr. 

5,  To  Englifli  Money. 

Rule.  —  Deduft  one  4th  from 
the  Newhampfhire,  &c.  fum. 

Reduce     ^.lOO     Newhamp 
fhire,  &c.  to  Englifh  Money. 
4)100 


£-75  Anjzacr. 

6.    To  Irijh  Monty. 

Rule. — Multiply  the  New 
hampfhire,  &c.  fum  by  13,  and 
divide  the  produft  by  16. 

Reduce     £.100     Newhamp- 
fliire,  &c.  to  Irifh  Money. 
100 

4X3+  the  given  Sum, 

400 
3 

12OO 

4-  too 


4)3^5 
£•**  5 
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7.  To  Canada  and  Novafcotia, 
currency. 

Rule. — Multiply  the  New- 
fcampihhe,  &c.  fum  by  5,  and 
tiivide  the  product  by  6. 

Reduce  £\ioo  Newhamp- 
fhire.  &c.  to  Canada,  &c, 

1 00 

,5 

6)500 

£.83     6     8  Anfmer. 

8.  To  Ltivres  Tournois. 
Rule. — Multiply    the    New- 

hampfhire,  &c.  pounds  by  17!-, 
aaid  the  product  will  be  livres  : 
Or,  multiply  the  fum  in  fhil- 
lings  by  7  :  Divide  the  prod- 
u&  by  8,  and  the  quotient  will 
be  livres,  fous,  &c. 

Reduce^.  lOoNewhampfhire, 
<&c.  to  Livres  Tournois. 
100  Or,   100 

17l  2O 

. ._ 

700 

1OO 

5° 

8)14000 

Anf.    1750  Liu. 

Anf.  1750  livres. 

i  £ .  :zr  1 7.1  livres. 

9.  To  Spam/h  milled  Dollars. 
RuU  i. —  When  the  fum  con- 

fifts  of  pounds  only  :  Annex  a 
cypher  to  the  pounds,  and  di 
vide  the  whole  by  3  :  The  quo 
tient  is  dollars. 

Reduce     £.100     Newhamp- 
fhire,  &c.  to.  dollars. 
3)1000 
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the  fhillings  by  6,  not  feparat- 
ing  them  in  the  quotient,  and 
thp  quotient  will  be  dollars. 

Reduce^.  152  151.  6d.  to  dol 
lars. 


s.  by  6.    Ji52 


509  dot.  <3  i/5  Anf. 

Note.  This  article  may  be  ap 
plied  to  the  Federal  dollar,  itbe- 
ing  of  the    fa«ie  valise  with  a 
Spanifh  dollar. 
II.    To  reduce  Federal  Money  to 

Newengland  and  Virginia  cur 

rency. 

RuU.  —  Multiply  the  Federal 
money  by  3,  and,  if  it  confifl 
of  dollars  only,  cut  off  i  figure, 
if  of  cents  alfo,  cut  off  3,  and 
if  o*f  mills,  4  figures  at  the  right 
hand  ;  then  reduce  the  figures 
fo  cut  off  to  farthings,  each 
time  cutting  off  as  at  firft,  and 
the  left  hard  figures  are  pounds, 
{hillings,  &c. 

i.  Reduce  u66dolls.  51^.  $m. 
to   Newengland    currency,    or 
lawful  money. 
D.    c.  m. 
1166,51  3 
3 

£-349:9539 
20 


s.  19^0780 

12 

,936  zr   id.  nearly. 
3k.  Reduce  45  dollars. 
D. 


. 

Rule  2. — V/hen  the  fum  con- 
fifts  of  pounds  and  {hillings  : 
Divide  the  pounds  by  3,  and 


20 


3.  Reduce 


ii4  R  E  D  U  C  T  I  ON    or     CO  IN  S.    ' 

3.  Reduce    izD.  jc.  to  law-         Reduce   f.ioo     Newjerfey, 
ful  money.  &c»  to  Southcarulina,  &c. 

D    c.  *°° 


400 
7 

45=5X9)2800 

5J31' 


III.  To  reduce  Ntwjtrfty,   Penn- 
fylvania,  Delaware  and  Mary 
land  currency. 

1.  To  Ntwhampfliirt,  Ma/achu- 
fetts,  Rhodeijland,  Connecticut,  and 

Virginia  currency. 

Rule.  —  Dedu£l  one  fifth  from 
the  Newjerfey,  &c.  fum^  and 
the  remainder  will  be  New- 
hampfhire,  &c.  currency. 

Reduce    £.iCO     Newjerfey, 
&c.  to  Newhampfhire,  &c. 
5)ieo 
—  20 

jf.So  Anfwtr. 

2.  To  Newyork  and  Northcaro- 
lina  currency. 

Rule.  —  Add  one  fifteenth  to 
the  Newjerfey,  &c.  fum. 

Reduce  f.ioo  Newjerfey, 
&c.  to  Newyork,  &c. 


^.62  4  j.j. 
4.  To  Englijh  Money, 
Rule.  —  Multiply  the  Newjer- 
fey,  &c.  by  3,   and  divide  the 
produft  by  5. 

Reduce     /\iOO    Newjerfey9 
&c.  to  Englifh  money. 
100 

3 


f.Go  Anfwtr. 

5.  To  Iri/h  Money. 

Rule.*—  Multiply  the  Newjer- 
fey,  &c.  by  13,  and  divide  the 
produft  by  20. 

Reduce     £*.ioo    Newjerfey, 
&c.to  Irifh. 
100 


400 
3 


+  6'184-f  *">•/«"»• 


3. 


£  .106  ^3  4  Anfwtr. 
To  Southcarolina  and  Geor 
ga  currency. 

Rule.—  Multiply  the  Newjer 
fey,  &c.  fum  by  28,  and  divide 
the  produft  by  45,  and  the  quo* 
tlent  is  Southcarolina,  &c» 


12OO 

too 


4)260 


Anfwtr. 


6. 
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£.  To  Canada  and  Novafcotia 
currency* 

-#i/&.— Dedu&  one  third  from 
the  Newjerfey,  &c. 

Reduce  £\ico  Newjerfey, 
&c.  to  Canada,  &c. 

3)100  '    t\ 

-  33    68 

£.66   13  4  Anfutr. 

^.   To  Livres  Tournois. 

Rule. —  Multiply  the  Newjer 
fey.  &c.  pounds  by  14,  and  the 
product  will  be  Livres  Tour 
nois — or  multiply  the  fum  in 
fhillings  by  7  ;  divide  the  prod 
uct  by  10,  and  the  quotient  will 
be  iivres,  fous,  &c. 

Reduce    £.  iOO    Newjerfey, 
&c.  to  Livres  Tournois. 
100  Or 


100 
20 


2OOO 

7 


400 

JCO 

f.  1400 


1 400  <?j  before. 

8.   To  Spanifi  milled  dollars. 

Rule. — Multiply  t:>e  Newjer 
fey,  &c.  pounds  by  2|.  and  the 
produft  will  be  dollars. — Or 
multiply  them  by  8  :  Divide  the 
produft  by  3,  and  the  quotient 
will  be  dollars* — If  there  be 
{hillings  in  the  given  funra,  for 
every  75.  6d.  add  i  dollar  to  the 
quotient. 

Reduce  £. iCO  lOs.  Newjer 
fey,  &c.  to  dollars. 


too 

a 

3)8^o 
266^ 

7:268 


Of   100 

2 


goo 

X  !=  66 

10J, 


!=  66f 

,  ==       l| 


IV.      To    reduce    N':wy;rk     and 

Northcardina,  currency. 

i.  To  Wedfyampjkirt,  Mafia- 
chufettst  Rtiodeijland,  Connecticut 
and  Virginia  currency, 

Rule.  —  Deduct  one  fourth 
from  the  Newyork,  &c. 

Reduce^.  IQO  Newyoik,  &c. 
to  Newharapfliiiej  &c. 
4)100 
—  25 


£•75 

2.  To  Nczvjcrfey,  Pmnfylvania9 
Delaware  and  Maryland  currency. 

Rule.  —  Deduft  one  iixteenth 
from  the  Newyork,  &c.  fum. 

Reduce  /".ioo  Newyork,  &c, 
to  Newjerfey,  &c. 

16—4X4)100 


£".93   15  Anfwtr. 

5.  To  Southcardma  and  Gcor* 
gia  currency, 

Rule.  —  Multiply  the  New- 
york,  &c.  furn  by  7,  and  divide 
the  product  by  12  :  The  quo 
tient  is  Southcarolina,  &c. 

Reduce  /'.lOO  Newyork,  &C, 
to  Southcarolina,  &c. 
iOO 

7 

i  2)700 


£\08   6   8  Anfatr. 

4.  To  Englijh  Money* 

Rule. — Multiply'  the  New- 
york,  &c.  fum  bv  9  :  Divide  the 
produft  by  16,  and  the  quotient 
is  Englifh. 

Reduce  ^".ibo  Newyork,  &e, 
to  Englifh  money, 

IOO 


REDUCTION     OF 

100 

9 


$6—4X4)900 


COINS. 

Nott.  id.~i-f-%  feus. 


100 
20 


2QOO 
40CO 


£.56  5  Anjwer. 

5.  To  Iri/h  Money. 

Rule.  —  Multiply  the  New- 
york,  &c.  fum  by  39  :  Divide 
the  product  by  64,  and  the  quo 
tient  is  Irifli. 

Reduce  £.100  Newyork,  &c. 
to  Irifli  money. 
100 
6  X  6-\-thrice  theg  ivenfum. 

600 
6 

3600 
+  300=  100  X  3 

64=28x8)3900 

8)487  i° 

£.60  189  Anf. 

6.  To  Canada  and  Novafcotia 
currency. 

.Rule.  —  Multiply  the  New- 
york,  &c.  fum  by  5,  and  divide 
the  product  by  8. 

Reduce  £\iOO  Newyork,  &c. 
to  Canada,  &c, 
100 
5 

8)500  ^ 

£.62    JO  Anf. 

•j.  To  Livres  Tournois. 

Rule.  —  Multiply  .the  New 
york,  &c.  fum  in  (hillings  by 
21  :  Divide  the  produft  by  32, 
and  the  quotient  will  be  livres, 
fous,  &c. 

Reduce  £*.ioo  Newyork,  <£c. 
to  J^ivrcs  Tourjiois, 


32=4X8)42000 


Anf. 


*'• 

8.   To  Spamjh  milled  Dollars. 

Rule. — If  the  Newyork  funi  .$ 
be  pounds  only,  annex  a  cypher 
to  them,  then  divide  by  4,  and 
the  quotient  is  dollars  :  But  if 
it  be  pounds  and  {hillings,  an 
nex  half  the  fhillings  to  the 
pounds,  and  divide  as  before, 
and  the  quotient  is  dollars. 

Reduce £\iooNewyorkj  &c, 
to  Dollars. 

4)1000 

2,50  Doll,  Anf. 
Reduce /".ioo  8j.  to  Dollars. 

4)1004 

251  Doll.  Anf. 

V.   To  reduce  Southcarolina  and 
Georgia  currency. 

i.  To  Newhampjhire,  Maffa- 
chuJdtS)  Rkodei/landt  Conntclittit 
and  Virginia  currency. 

Rule. — Multiply  the  South- 
Carolina,  &c.  fum  by  9,  and  di 
vide  the  produft  by  7. 

Reduce  ^fioo  Southcarolina, 
&c.  to  Newharripfhire,  <&c, 
100 


7)900 
£..128  ii 


3.  To 
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2.  To  Nezajsr/cy,  Pennjylvaniat 
Delaware  and  Maryland  currency. 

Rule. — Multiply  the  South- 
carolina,  &c.  fum  by  45,  and 
divide  the  product  by  28. 

Reduce  £\ico  Southcarolina, 
Sec.  to  Newjerfey,  &c. 
100 

9X5—45 

900 
5 

28—4X7)4500 

4)642     17     I-f- 


£.160  14  3f 

3,  To  Nemyork  and  Northcaro- 
lina  currency. 

Rule.  —  Multiply  the  South- 
carolina,  &c.  fum  by  12,  and 
divide  the  produ6l  by  7. 

Reduce  £.100  Southcarolina, 
&c,  to  Newyork,  &c, 
100 
12 


7)l2OO 


8 


4.  To  Englifh  Money. 

Rule.  —  From  theSouthcaroli- 
na,  &c.  fum,  deducl  one  twen 
ty  eighth. 

Reduce  /\i  co  Southcarolina, 
&.c.  to  Engliih  Money. 
28=4X7)100 

4)^4     5  8.^. 

"—311  5  y  fron  the  given  fum, 
£.96     8  6f  Anf. 

5.  T(?  Irijh  Money. 

Rule.  —  Multiply  the  South- 
carolina,  &c.  fum  by  117,  and 
divide  the  product  by  112, 


Reduce  £ .  i  oo  Southcarolina, 
&c.  to  Irifh. 

100 


,?.2CO 

9 

xo8op 
4-iooX9  ^  9CO 


4)4J7  17 


6.  To  Canada,  and  Nouafcotici 
currency. 

Ride.  —  Multiply  the  South. 
Carolina,  &c.  fum  by  15,  and 
divide  the  produft  by  14. 

Reduce  £,  100  Southcarolina, 
&c.  to  Canada,  &c. 
100 


fj.    To  Livres  Tournois. 

Rult,  —  Multiply  the  South- 
Carolina,  &c.  pounds  by  22f, 
and  the  produft  will  be  livres. 

Reduce  £  '.  i  oo  boathca  rolina, 
&c.  to  Livres. 
100 


200 

2OO 

50 


3,   To 


ti8 


REDUCTION     o 


8.   To  SpaniJJi  milled  Dollars. 

Ruk.— Multiply  the  South- 
Carolina,  &c.  pounds  by  30,  and 
divide  the  produft  by  7,  and  if 
there  be  (hillings,  turn  them  in 
to  dollars  and  add  them. 

Reduce^.iOO  Southcarolina, 
&c.  to  Dollars. 


7)3000 

Dollars 428^.     Note,  $  ~  Bd. 
VI.    To  reduce  Engtijh  Money. 

1.  To  A'ezuhampjkire,    Maj/'a- 
ckufetts,  Rhodeijland,  ConnecJicut 
and  Virginia  currency. 

Rule.— To  the  Englifh  fum 
add  one  third. 

Reduce    £.100     Englifh    to 
Newhampfhire,  &c. 
3)100 

+  33  6  8 

/\i  33  6  8  Anfwer. 

2.  To  Nezvjerfay,  Pennsylvania, 
Delaware  and  Maryland  currency. 

Rule.  —  Multiply  the  Englifh 
money  by  5,  and  divide  the 
produft  by  3. 

Reduce  f.iOO  Englifh  to 
Newjerfey,  &c. 

100 
S 

3)500 


£.166  13  ±Anf. 

3.  Te  Netuyork  and  Northcaro- 
lina  currency. 

RuL  .—Multiply  the  Englifh 
money  by  t6,  and  divide  the 
produft  by  9. 


COINS, 

Reduce    £\iOO    Englifh     to 
Newyork,  &c. 

100 


400 


9)1600 

£-J77   *5  6f  Anfwer. 

4.  To  Southcarolina  and  Gwr- 
gia  currency. 

Rule.  —  To  the  Englifh  money 
add  one  twenty  feventh. 

Reduce  £\ico  Englifh  to 
Southcarolina,  &c. 


+  3 


£.103  14  o$Anf. 
5.   To  Irifi  Money. 
Rule.—  To   the   Englifh    futn 
add  one  twelfth. 

Reduce  £.  too  Englifh  money 
to  Irifh  money. 
12)100 

8  6  8 


£.108  6  8  Anfwer. 
6.  To  Canada,  and  Novafcotia 
currency. 

/?«&.—  -To  the    Englifh   fum 
add  one  ninth* 

Reduce  £.  100  Englifh  to  Can 
ada,  &c. 

9)100 

-f-    II     2    2| 


£.111   2  2-|  Anfwer. 
7.  To  Livres  Tournois. 
Rule.—  Multiply  the  Englifh 
pounds   by  23^,  and  the  prod 
uct  will  be  livres. 

Reduce 


3.  To  Netoyork  and  Northcaro- 
lina  currency. 

Rule.  —  Multiply  the  Irifli 
fum  by  64,  and  divide  the  prod- 
u6l  by  39. 

Reduce  £.100  Irifli  to  New- 
york,  &c. 

ico 
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Reduce  £.iCO  Englifh  to  Li- 
vres  Tournois. 

100    Note*  id.~ii^fous. 
234-  -  is.^ijlivre. 

^ ..  •      ,        i£,zz23-|-  livres. 
300 
200 

33i 

...  r  Z,zv.  jou.den, 

Anf.2%%%%  Liv.  zr  2333     6     & 
VI 1.    /'<?  reduce  InJIi  Money. 

i.  Ti?  Ne&hampjliire,  Maffa- 
chujetts,  Rhodeijiand,  Connecticut, 
and  Virginia  currency. 

Ruls. — Multiply  the  I  rifh  fum 
by  16,  and  divide  the  product 
by  13. 

Reduce /'lOO  Irifh  to  New- 
hampihire,  &c. 
100 

4X4 


800 
8 
-    f.     s. 

39)6400(164     2-^  Anfwtr. 
39 


250 


160 

-.56 


400 
Jk 

13)1600 

£".123   i   6^T  Anfzaer. 
2.  To  Ntujcrfey,  Pennfylvan-ia, 
Bdawart&nd.  Maryland  currency. 
Rule.— -Multiply     the     Irifn 
fum  by  20,  and  divide  the  prod- 
u&  by  1 3. 

Reduce  £.100  Irifh  to  New- 
jerfey,  &c. 
100 


400 
5 


.  __  16 
13         " 

70         — 
—        13 

39  9° 

—  78 


12 

12 


4.  To  Southcarolina,  and  Geor 
gia  currency. 

Rule.  —  Multiply  the  Irifh 
fum  by  112,  and  divide  the 
produft  uy  1  17. 

Reduce  £.10©  Irifh  to  South- 
Carolina,  &c. 
aoo 

7X4X4:=:  ^a 


700 
4 

2800 

-  -£.     *. 

ii7)ii2*o(95    14 

,        1053 

67o 
585 


REDUCTION     OF     COINS. 


5.  To  Englijh  Money. 
Rule. — From  the    Irifh   fum 
deduft  one  thirteenth. 

Reduce  £^.iOO  Irifh   to  En- 
glifh  money. 
13)100(7 
91 


9 

20 


13 


£.       s.    d. 

1GO      O      O 


32(10 
13 


fj.  To  Canada  and  Novajcotia 
Currency. 

R.uLc. — To  the  Irjfh  fum  add 
one  thirty  ninth. 

Reduce  £'iOO  Iriili  to  Cana 
da.  &c. 
iod(« 


j-z 

£O 

39       /ViO2 


39)132(3 
117 


39       '3 

7.  2  "o  Livres  Tourneis. 

Rule.—  Multiply  the  Irifli 
fum,  in  pence,  by  70  ;  divide 
thatproducl;  by  39,  and  the  quo 


tient  will  be  fous,  which,  di 
vided  by  2O,  xviH  be  livres. 

Reduce  £\i  CO  Irilh  to  Livres 
Tournois. 

|OOX  2OX  I2n240QO^. 

7Q 
__L_2,0 

39)1680000)4307,6 

Anf.  Li  ores. 

ld.~l^fo'AS.    IS  ~ 
l£.  —  2l   llV.    lQ 

VIII.  To  reduce  Canada  and  A7^- 
vafcotia  currency, 

i.  To  NeiohampJIure,  MaJTa- 
chu/ctts,  Rhodeijland)  ConntHicut 
and  Virginia  currency. 

Rult.—To  the  Canada,  &c, 
fum  add  one  fifth. 

Reduce  £".iOO  Canada,  &c. 
to  Newhampfliire,  &c. 


yT.iso  Anfwer. 

2.  To  Ntwyork  and  Northcaro- 
Una  currency. 

RuLt.  —  Multiply  the  Canada 
&c.  fum  by  8,  and  divide  the 
produ6l  by  5. 

Reduce  ^.100  Canada,   &c, 
to  Newyork,  &c. 
ico 
8 

5)800 
2^.160  Anfwer. 

3.  To  Newjer/ey,  Pennsylvania^ 
Ddatvare  and  Maryland  currency* 

Rule.—  To  the  Canada,  &c. 
fum  add  one  half. 

Reduce  £.100  Canada,  &c« 
to  Newjerfey,  &c. 
2)100 
-f^a 
/*.i5o  Anfzver. 

4.  To  Southcarolina  and  Geor 
gia  currency* 

Rule. 
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122 


Rule. — From  the  Canada,  &c.     And  if  there  be  fhillings,  turn 
lum  deduft  one  fifteenth.  them  into  dollars,  and  add  them 

Reduce  f.iOO  Canada,    &c.     to  the  produft. 


to  Southcarolina,  &c. 


3)20 

—  6  i3  4 

/\93     6  8  Anfzuer. 

5.  To  Englijh  Monty. 

Rule. — From  the  Canada,  &c. 
deduft  one  tenth. 

Reduce  j£\ioo   Canada,    &c. 
to  Englifh  money. 
10)100 

—  10 

£.90  Anfwer. 

6.  To  Irijh  Money. 

Rule. — From  the,  Canada,  &c. 
deduct  one  fortieth. 

Reduce  £.  ico  Canada,  &c.  to 
Irifh  money. 
40)100 
—  z   i© 

£.97   10  Anfwer, 

7.  To  Livres  Tournois. 
Rule. — Multiply  the  Canada, 

&c.  pounds  by  21,  and  the 
produft  will  be  livres. 

Reduce £.100  Canada,  &c.  to 
livres  Tournois. 
100 

7X3—21 

*•£•—  21  livres^ 
Anf.  2100 

8.  To  Spanifh  milled  Dollars. 
Rule.— Reduce  the    Canada, 

&c.  fum  to  fhillings  :  Divide 
them  by  ,5,  and  the  quotient  is 
dollars.  ^Multiply  the  pounds 
by  4,  and  the  product  is  dollars : 


Reduce  £\iOO  Canada,  £c. 
to  dollars. 

100  155   15 

20  4 

5)2000  620 

+  3  ~  *5** 

Doll.     400  Anf.    

Doll.  623  Anf. 
IX.   To  reduce  Livres   Tournois, 

i.  To  Newhampjkire^  Majfa- 
chujetts,  Rhodeijland,  Connecticut 
and  Virginia  currency. 

Rule. — Multiply  the  livres 
by  2  :  Divide  the  produftby  35, 
and  the  quotient  will  be  pounds. 
Or,  Multiply  the  livres  by  8  : 
Divide  the  produft  by  7,  and 
the  quotient  will  be  {hillings. 

Reduce  1750  livres  to  New- 
hampfhire}  &c.  currency. 


175° 

2 


Or. 


1750 
8 


35  )3500(i°0^/  7)  MCOO 
35  ""* 

2,0)200,0 

oo  


2.  To  Newyork  and  Northcar- 
olina  currency. 

Rule.  —  Multiply  the  livres  by 
32  :  Divide  the  product  by  21, 
and  the  quotient  will  be  {hil 
lings. 

Reduce  1312^  livres  to  New- 
york,  &c.  currency, 


32 

26250 
39375 

211)42000(200,0 

£.100  Anfuer. 
3. 
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g.  To  Nswjerfey,  Pcnnfyloaniat 
Ddawart  and  Maryland  curren 
cy. 

Rule. — Divide  the  livres  by 
14,  and  the  quotient  will  be 
pounds.  Or,  Multiply  the  li 
vres  by  iO  :  Divide  the  prod- 
uft  bv  7,  and  the  quotient  will 
be  (hillings, 

Reduce  1400  livres  to   New- 
jerfey,  &c.  currency. 
1400 
10 

7 )  1 4000        14)1 4Oo(/*.  i  oo. 


N     OF     COINS, 


2,0)200,0 
jf.ioo  Anfuer. 


oo 


\.  To  5 'out hour olina  and  Geor 
gia  currency. 

Rule. — Multiply  the  livres  by 
2,  divide  the  product  by  45,  and 
the  quotient  will  be  pounds. 
Or,  deduft  one  ninth,  and  the 
remainder  will  be  (hillings. 

Reduce  2250  livres  to  South- 
Carolina,  <£c.  currency. 
2250  Or9 

2  9)2250 

£.  —250 

45)450o(i  GO  Anf. 

45  2,0)200,0 

.-.  »      /* 

OO  i 


5.  To  Englijh  Money. 

Rule. — Multiply  the  livres 
by  6:  Divide  the  produft  by  7, 
and  the  quotient  is  (hillings  : 
Or,  deduft  one  feventh  from  the 
livres,  and  the  remainder  will 
be  (hillings. 

Reduce  233  3£  livres  to  En« 
noney. 


7)23331 
~-333j 

2|O)200|O 


2333} 

6 

7)14000 

2JO)  200JO 

.  .  .  —  £• 

AnJ.  £.  i  OO  

6.  To  Iri/h  Money. 

Rule.  Reduce  the  livres  to 
fous,  then  multiply  them  by  39  : 
Divide  this  produft  by  70,  and 
the  quotient  will  be  pence. 

Reduce     zitjgliv, 
Irifh  Money.      20 


387720 
12228 


£.100  Anfzver. 

7.  To  Spanijh  milled  Dollars,  or 
to  Federal  Dollars. 

-fttt/e.-r-Multiply  the  livres  by 
4  :  Divide  the  product  by  21, 
and  the  quotient  will  be  Span- 
ifh  or  Federal  Dollars. 

Reduce  1000  livres  to  dol 
lars. 

1000  Ort  1000 


21 

190  = 

189  Dollars. 

10 
6 

—  j.  d.  * 
ii)6o(z  10 


190 
189 

IO 

10 
• —  d.  c.  a 

)iop(*   7 

X. 


R  U  D  U  C  T  1  O 

X.  To  reduce  SpaniJIi  milled  Dol 
lars. 

i.  To  NewhampJ!i:ret  Maffa- 
thufttts,  Rkodeijland,  Connecticut 
And  Virginia  currency . 

Ruiz.— Multiply  the  Dollars 
by  3,  arid  double  the  right  hand 
figure  of  the  product,  for  fliil- 
iings  ;  the  left  hand  figures  are 
pounds. 

Reduce  529  dollars  to  Kew- 
&ampfhire,  &c. 


N     •  P     C  O  I  N7  S.          123 

4,  To  Southcarolina  and  Geor 
gia  currency. 

Rule.— -Multiply  the  number 
of  dollars  by  7,  and  divide  by  30. 

Reduce  529  dollars  to  South- 
Carolina,  &c. 


£.158   14  Anfwlr. 

2.  To  Neuyork  and  Norlhcar- 
•clina  currency. 

Rule.  —  Multiply  the  number 
of  dollars  by  4  :  Double  the 
right  hand  figure  of  the  produft 
for  fhiilings,  and  the  left  hand 
figures  are  pounds. 

Reduce  529  dollars  to  New- 
york,  &c. 


,£.211    12  Anfatr. 
3.  To  Ntwjtrjey,  Pcnnfylvaniat 
Delaware  and  Maryland  currency. 
Rule.  —  Multiply  the  number 
•f  dollars  by  3,  and  divide  by  8. 
Reduce  529  dollars  to  New- 
jerfey,  &c. 
529 
3 

8)1587(198  7  6  Anfwr. 
8 


78 

72 
- 

I7 
64 


8)1587 
- 
£.198!  Anf. 


*5.  To  Englijh  Money  i  at  41. 
6d.  per  Dollar, 

Rule. — Multiply  the  dollars      / 
by  9,  and  divide  by  40. 

Reduce  529  dollars  to    En- 
glifh  money.       529 


n 
6.  To  Canada  and  Nouafcotia, 

currency. 

Rule.  —  Divide  the  dollars 
by  4. 

Reduce  529  dollars  to  Cana* 
da,  &c.  4)529 


Anfwer. 

7.  To  Livres  Tournois. 

Rule.  —  Multiply  the  dollars 
by  5^,  and  the  product  .will  be 
livres.  Or,  Multiply  them  by 
21  :  Divide  by  4,  and  the  quo 
tient  will  be  livres. 

Reduce  looSpanifli  dollars  to 
livres.  100  Or, 

5l  ioo 

-  -  21 

5CO  - 

100  Xj—  25         4)2100 
525  livres. 


Note, 

*  Note,  That  in  England  dollars  are 
Bullion,  that  is,  they  are  bought  and  fold 
by  weight,  and  their  value  varies  35  otfc» 
«  articles  of  aisrchaudiac, 


i24  DUODECIMALS. 

{i  Cent  nr  i^  Sous.  "1 
i  Dime  ~  iof  Sous.  I 
i  Dollar  zz  5|  Livres.J 

»    I   Ntwhamp.  £&.     I   5    I   1289  s  g    I    iSQai  ?^>  I  *• 

£  <^   Nevyork,  &c.      I 'S  «     966|         H  1 1  ' 045  >'t*i  '£?  °f  3all°nyf 

.g       Afoprfe  €fc.  |  §       !03t|        I  J  ,  I  1,14!        f|l         '   |  -& 
K   U^CW.  tfc.J        Li657,366J    J^**79»>«9J      ?    U  the  fine  filver. 

TVze    c  Dollar)  .       $375)^4   ?  Grainr<  Silver  £409,78    grs.  ef  Stand,  Silver, 

Federall  Eagle  S  ";       w  i  246,268  \  of  fine  I  Gold  \  268,659  ^rj.  of  Stand.  Gold. 

The  alloy  being  JL.  of  the  fine 

DUODECIMALS,  orCROSS  MULTIPLICATION, 

Is  a  Rule  made  ufe  of  by  workmen  and  artificers  in  calling  up 
the  contents  of  their  works. 

Dimennons  are  generally  taken  in  feet,  inches  and  parts. 

Inches  and  parts  are  fometimes  called  primes,  feconds,  thirds, 
&c.  and  are  marked  thus  ;  inches  or  primes  (  '),  feconds  ("), 
thirds  ("'),  fourths  (//x/),  &c. 

This  method  of  multiplying  is  not  confined  to  twelves  ;  but 
may  be  greatly  extended  :  For  any  number,  whether  its  inferi 
or  denominations  decreafe  from  the  integer  in  the  fame  ratio,  or 
not,  may  be  multiplied  crolTwife  ;  and,  for  the  better  underttand- 
ing  of  it,  the  learner  muft  obferve,  that  if  he  multiplies  any  de 
nomination  by  an  integer,  the  value  of  an  unit  in  the  produft 
will  be  equal  to  the  value  of  an  unit  in  the  multiplicand  ;  but  if 
he  multiplies  by  any  number  of  an  inferior  denomination,  the 
value  of  an  unit  in  the  produft  will  be  fo  much  inferior  to  the 
value  of  an  unit  in  the  multiplicand  as  an  unit  of  the  multiplier 
is  lefs  than  an  integer. 

Thus,  pounds  multiplied  by  pounds  are  pounds  ;  pounds  mul 
tiplied  by  {hillings  are  fhillings,  &c.  {hillings  multiplied  by 
fhillings  are  twentieths  of  a  {hilling  ;  fhillings  multiplied  by 
pence  are  twentieths  of  a  penny  ;  pence  multiplied  by  pence  are 
sloths  of  a, penny,  &c. 

RULE. 

1.  Under  the  multiplicand  write  the  correfponding  denomina 
tions  of  the  multiplier. 

2.  Multiply  each  term  in  the  multiplicand,  beginning  at  the 
loweft,  by  the  higheft  denomination  in  the  multiplier,  and  write 
the  refult  of  each   under  its  refpeftive  term,  obferving,  in  duo 
decimals,  to  carry  an  unit  for  every  12,  from  each  lower  denom 
ination  to  its  next  fuperior,  and  for  other  numbers  accordingly. 

3.  In 
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3.  In  the  fame  manner  multiply  all  the  multiplicand  by  the 
primes  or  fecond  denomination  in  the  multiplier,  and  fet  the  re- 
fult  of  each  term  one  place  removed  to  the  right  hand  of  thole 
in  the  multiplicand. 

4.  Do  the  fame  with  the  feconds  in  the  multiplier,  letting  the 
refult  of  each  term  two  places  to  the  right  hand  of  thofe  in   the 
multiplicand. 

5.  Proceed  in  like  manner  with  all  the  reft  of  the  denomina 
tions,  and  their  fum  will  be  the  anfwer  required. 

EXAMPLES. 

x.  Multiply  2  j  feet  by  2|  feet/  Or  thus. 

F.     '  2,5 

26  Or  thus.  2,5 

2.       ®  8|  - 

-  2|  125 

50  -  5° 

130  5  - 

,  -  _  i|  Anf.  6,25  fquare  feet. 

Anf.  6     3 

Anf.  b^fquarefeet  zr  6ft.  36  in. 

So  that  the  3  is  not  3  inches,  but 
36  inches,  or  |  of  a  fquare  foot, 
2.  Multiply  gf.  8'  6"  by  tf.  9'  3" 
F.    '     " 
986 

793 

67    1  1     6  '-  —  Produtt  by  the  feet  in  the,  multiplier, 

7346"'  —  ditto  by  the,  primes. 

251     6""    zz  ditto  by  the  fronds. 


75     5     3     7 


3.  How  many  fquare  feet  in  aboard  17  feet  7  inches  long,  and 
a  foot  5  inches  wide  ?  Anf.  Q^f.  10'  11" 

4.  How  many  cubic  feet  in  a  flick  of  timber  12  feet  iO  inch 
es  Ion?,  i  foot  7  inches  wide,  and  i  foot  9  inches  thick  ? 

"" 


5.  How  many  cubic  feet  of  wood  in  a  load  6  feet  7  inches 
long,  3  feet  5  inches  high,  ar.d  3  feet  8  inches  wide  ? 

/%'.  82/.  5'  8"  4'" 

6.  There  is  a  houfe  with  4  tiers  cf  windows,  and  4  windows 
in  a  tier  ;  the  height  of  the  nrft  tier  is  6f.  8'  ;  of  the  fecond, 
5/.  9'  ;  of  the.  third,  $f.  6'  ;  and  of  the.  fourth,  #/.  ic/  ;  and  the 
breadth  of  each  is  3/,  5'  ;  how  many  fquare  feet  do-  they  contain 
5n  the  whole  ?  Anf*  2&3/.  7' 

is  irf  Stxrctfim&ls* 

*  7.  If 
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7.  If  two  places  differ  in  longitude  2°  12'  ;  what  is  their  dif 
ference  of  time  ? 
Mult.  2°  12'  oo"  oo" 

4>  3'  59"  2°"  *^  '^  *»  &>AtcA  the  fun  pafts  through  i 


~V  &"  tf"  Anf. 

8.  Two  places  differ  in  longitude  31°  27'  30"  ;  what  is  the  dif 
ference,  in   time,  of  tive  fun's  coming  to  the  meridian   of  thofe 
places,  the  fun  pafiing  through  15°  in  an  hour  ? 

3i°  37'  3<>" 

4'  OO"  /«  4'  ofafolar  dayt  or  day  ofz±  kourst  the  fun  pajfcs  1  dcg+ 

2        6'  30/x  OO/X/  A-nfwer. 

9.  Jlf«#.  £.3  6  8  ^^.2  5  7. 


368 

257 

to.  A,  B  and  C  bought  a  drove 


rr/'6       m6     o     O       of  fheep   in    company;   A   paid 
rri^.     =ro  12    o      £"14  5*.  B,/^i3  ioj.  and  C,/"n 
iz:i6^.     nr  O     i     4       51.     They  agreed  to  difpole   of 
l5J«      =o   15     O      them  at  the  market;  that  each 
6j.  X  $s  zz:-|§^.       ZZ  o     i      6       man  fhould  take  181.  as  pay  for 
^.     zro     o      2       his   time,   &c.  and  that  the  re- 
<^«     rrrO     i      p       mainder   fhould   be   divided    in 
"^*     ^^  °     °     2T^  proportion  to  their  feveral  flocks; 
d.  =  o     o     o^  At  the  clofe  of  the  fale,  they  found 
-  !  --  themfelves  pofleffed  of  ^"46   5^. 
Anf.  jf.'j   ii   11^.     What  was  each  man's  gain,  exclu- 
five  of  the  pay  for  his  time,  &c.  ? 
10         "  ' 


and/7  5  -~.l8,>f-  x  3  :=:^4  11J«  whole  gain,  and  £±  11-7-39 
:zr  2j.  4^.  gain  in  the  pound. 

' 


£*4  5  ° 
X    2  4 

X     2  4 

£H  5  o 
X   2  4 

i  8  6 
4  9 

i     70 
4  6 

126 
3  9 

/i  13  3 
SINGL 

B./i  11  6 

C./^i  6  3 

or   THR 

fi    RULE 

DIRECT. 

The  Rule  of  Three  Dire£b  teacheth,  by  having  three  numbers 
given,  to  find  a  fourth,  that  lhall  have  the  fame  proportion  to 
the  third,  as  the  fecond  hath  to  the  firft. 

If  more  require  more,  or  left  require  Ufst  the  ^ueilion  belongs 
to  the  Rule  of  Three  Direa3 

But 
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But  if  more  require  lsjst  or  lefs  require  more,  it   belongs  to  the 
Rule  of  Three  inverfe.* 

R  t;   L   E.-f 

1.  State  the  queftion  by  making  that  number,  which  afitsj  the 
queftioii,  the  third  term,  or  putting  it  in  the   third  place  :  that, 
which  is  of    the   fame  name  or    quality  as  the   demand,  the  firii 
term  •,  and  that,  which  is  of  the  fame  name  or  quality  with  the 
anfvver  required,  the  fecond  term. 

e.  Multiply  the  fecond  and  third  numbers  together  ;  divide 
the  product  by  the  firft,  and  the  quotient  will  be  the  anfvver  to 

the 

*  More  requiring  moKfis  when  the  third  term  is  greater  than  the  firft,  and  requires 
the  fourth  term  to  be  greater  than  the  fecond.  And  lefs  requiring  fcfst  is  when  the 
third  term  is  lefs  than  the  firft,  and  requires  the  fourth  t^rm  to  be  lefs  than  the  fecond. 

Alio,  more  requiring  lejs,  is  when  the  third  term  is  greater  than  tUe  firft,  and  re 
quires  the  fourth  term  to  be  lefs  than  the  fecond .  And  left  requiring  moret  is  when  the 
third  term  is  re  ft  than  the  firft,  and  requires  the  fourth  term  to-be  greater  than  the  feconrf. 

f  This  Rule,  on  account  of  its  great  and  extenfwe  ufefulnels,  is  fornetimes  caiSid 
the  golden  rule  of  Proportion  :  For,  on  a  proper  application  of  it  and  the  preceding 
rules,  the  whole  bufmefs  of  Arithmetic,  as  well  as  every  mathematical  inquiry,  de 
pends.  The  rule  itfelf  is  founded  on  this  obvious  principle,  that  the  magnitude  or 
quantity  of  any  effect  varies  conftantly  in  proportion  to  the  varying  part  of  the 
caufe  :  Thus,  the  quantity  of  goods  bought,  is  in  proportion  to  the  money  laid  out; 
the  fpace,  gone  over  by  an  uniform  motion,  is  in  proportion  to  the  time,  &c. 

As  the  idea,  annexed  to  the  term,  proportion,  is  eaii'y  conceived,  the  truth  of  the 
rule,  as  applied  to  ordinary  inquiries,  may  be  made  evident  by  attending  to  princi 
ples,  already  explained. 

It  has  been  fhcwn,  in  Multiplication  of  Money,  that  the  price  of  one,  multiplied 
by  the  quantity,  is  the  price  of  the  whole  ;  and  in  Divifion,  that  the  price  oi  the 
\vhole,  divided  by  the  quantity,  is  the  price  of  one  :  Now,  in  all  cafes  of  vaiuirg 

foods,  &c.  where  one  is  the  firft  term  of  the  proportion,  it  is  plain  th -it  the  anfwer, 
aund  by  this  rule,  will  be  the  fame  as  that,  found    by  Multiplication  of  Money  • 
and,  where  one  is  the  laft  term  of  the  proportion,  it  will  be  the  fame  as  that,  found 
by  Divifion  of  Money. 

In  like  manner,  if  the  firft  term  be  any  number  whatever,  it  is  plain,  that  the 
produft  of  the  fecond  and  third  terms  will  be  greater  than  the  true  anfwcr.  required, 
by  as  much  as  the  price  in  the  fecond  term  exceeds  the  price  of  one,  or  as  the  firft 
term  exceeds  an  unit  ;  confequently,  this  product,  divided  by  the  firft  term,  will 
give  the  true  anfwcr  required. 

Direft  and  Inverfe  proportion  are  properly  only  parts  of  the  fame  genera!  rule  ; 
but  1  have  preferved  the  common  difiin&ion,  and  given  fome  loofe  definitions, 
which,  to  young  perfons  in  general,  are  more  intelligible. 

Note  i.  When  it  can  be  done,  multiply  and  divide  as  in  Compound  Multiplica 
tion,  and  Compound  Divifion. 

2.  If  the  firft  terra,  and  either  the  fecond  or  third  can  be  divided  by  aay  number 
•without  a  remainder,  let  them  be  divided  and  the  quotient  ufed  infiead  of  them. 

The  following  methods  of  operation,  when  they  can  be  ufcd,  perform  the  work 
in  a  much  fhorter  manner  than  the  general  rule, 

i.  Divide  thefecoud  term  by  the  firft  :  Multiply  the  quotient  into  the  third,  and 
the  produft  will  be  the  anfwer. 

«.  Divide  the  third  teim  by  the  firft  ;  multiply  the  quotient  into  the  fecond,  and 
the  produft  will  be  the  anfwer. 

3*  Divide  the  firft  term  by  the  fecond,  and  the  third  by  that  quotient,  and  the 
iaft  quotient  will  be  the  anfwer. 

4.  Divide  the  firft  term  by  the  third,  and  the  fecond  by  that  quotient,  and  the 
laft  quotient  will  be  the  anfwer. 

£  Note,  The  term  which  afks  or  moves  the  queftion,  has  generally  fome  words 
like  thefe  before  it,  viz.  What  -will  ?  What  coft  ?  How  many  ?  How  far  ?  HOY* 
long  ?  or,  How  much  ?  &c. 
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the  que/b'on,  which  (as  al'fo  the  remainder)  will  be  in  the  fame 
denomination  you  left  the  fecond  term  in,  and  which  may  be 
brought  into  any  other  denomination  required. 

Two,  or  more,  flatings,  are  fometimes  neceflary,  which  may  ai- 
ways  be  known  from  the  nature  of  the  queftion. 

The  method  of  proof  is  by  inverting  the  queftion. 

But,  that  I  may-  make  the  method  of  working  this  excellent 
Rule  as  intelligible  as  poffible  to  the  learner,  1  fliall  divide  it  in 
to  the  feveral  cafes  following: 

1.  The  fourth  number  is  always  found  in  the  fame  name  in 
which  the   fecond   is  given,  or  reduced  to  ;   which,  if  it  be  not 
the  higheft  denomination  of  its  kind,  reduce  to  the  highefl  when 
it  can  be  done. 

2.  When  the  fecond  number  is  of  divers  denominations,  bring 
it  to  the  lowelt  mentioned,  and  the  fourth  will  be  found  in  the 
lame  name  to  which  the  fecond  is   reduced,  which  reduce  back 
to  the  higheft  poilible. 

3.  If  the  ftrft  and  third  be  of  different  names,  or  one  or  both 
of  divers  denominations,  reduce  them  both  to  the  loweft  denom 
ination  mentioned  in  either. 

4.  When  the  product  of  the  fecond  and  third  is  divided  by 
the  full  ;  if  there  be  a  remainder  after  the  divifion,  and  the  quo 
tient  be  not  the  leaft   denomination  of  it's  kind  ;  then  multiply 
the  remainder  by  that  number,  which  one  of  the  fame  denomin 
ation  with  the  quotient  contains  of  the  next  lefs,  and  divide  this 
product  again  by  the   firfc   number  ;  and    thus  proceed  till    the 
lead  denomination  be  found,  or  till  nothing  remain. 

5.  If  the  firft  number  be  greater  than  the  produft  of  the  fec 
ond  and  third  ;  then  bring  the  fecond  to  a  lower  denomination. 

6.  When  any  number  of  barrels,  bales,   or  other  packages  or 
pieces  are  given,  each  containing  an  equal  quantity,  let  the  con 
tent  of  one  be  reduced  to  the  lowed  name,  and  then  multiplied 
by  the  given  number  of  packages  or  pieces. 

7.  If  the  given  barrels,  bales,  pieces,  &c.  be  of  unequal  con 
tents,  (as  it  moft  generally  happens)  put  the  feparate  content  of 
each  properly  under  one  another,  then  add  them  together,  and 
you  will  have  the  whole  quantity. 

t.  If  6ft   of   fugar    coft   9*.  As  6  *  q  ::  30  *  the  Anfa*r9 

what  will  3Oft  coft  at  the  fame  q 

rate  ?  _ 

Here  the  firft  claufe  (if  6ft  of  .,6)270 

fugar  cofl  9-y.)  fuppofes  the  rate;  

then    follows     the     queflion  :  4rS  — /\2  zs.  AnL 

What  will  30ft  cofl?  I!" 

QOft.  which  moves  the  quef- 

tion,  is  the  3d  term.     6ft,  the  J  AS™>  EY  inverting  the  or- 

fame  kind,   is  thqf  aft,  and  9  der  of  the  l^ftion,  it  will  be, 

{killings  the  2d.  2»  M 
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2.  If  9-r.  buy  6ft  of  fugar, 
how  much  will  £.2  gs.  buy  at 
that  rate  ? 


s. 


THREE. 

ft       s. 

30  ::  9  I  the  Anfwer. 


129 


s. 
As  9 


s. 


the  Anfwer* 

9)270 

30  ft  Anfwer. 


Again,  3.  If  3oft  of  fugar  be 
worth/*. 2  51.  how  much  may 
I  buy  for  95-.  ? 


45)270(6}^  the  Anfwer. 

270 

Again,  4.  Suppofe  £\2  5*.  will- 
buy  30ft  fugar  :  What  will  6ft 
of  the  fame  fugar  cod  ? 
&       s.  ft 


30 


45 
6 


6  I  the  Anfwer. 


3]o)27|o 


Anftuer* 


N.  B.  The  three  lafl  queflions  are  only  the  firfl  varied,  being 
put  purely  to  fhew  how  any  que&ion,  in  this  Rule,  may  be  inverted. 
5.  If  $yds.  cloth  coft£\i  lOs.  what  will  zoyds.  ditto  come  to  ? 


yds. 


20 


s.      yd?. 

s  5  i  3°  : :  20 

30  -r  5  =    6 

6  Quot. 
2.0)1 2,oJ.zr:^.6  Anfwer. 
Here  I  divide  the  zd  term  by 
the   ift,  and  multiply  the   quo 
tient  into  the  3d  for  the  anfwer. 
7.  If  zOyds.  coft^.120,  how 
many  yards  may  I  have  for£*3O  ? 
£.     yds.      £. 

As  120  *  20  : :  30 

1  2O~-20~6  quot.  £3  30-7-6=5  yds.  Anf. 

Here  1  divide  the  id  term  by 
the  2d,  and  then,  the  3^  term 
by  that  quotient  for  the  anfwer. 
9.  If  icwt.  of  tobacco  cofl 
£•5  12  9i  5  what  will  Scut,  dit 
to  cofl  ? 

czuf.  £.  s.    d. 
As  i  ;  5  12  9J 
8 


yds.    s.       yds. 
Again,  6.    As  5  *  30  :i  20 
20  -r-  5  =r  4 


Here  I  divide  the  3d  term  by 
the  tft,  and  multiply  the  quo 
tient  into  the  ad,  for  an  anfwer, 

£.    yds.      £. 
Again,  8.     As  120  *  20  '.'.  30 


Here  I  divide  the  ift  term  by 
the  3d,  and  then,  the  2d  term 
by  that  quotient  for  the  an 
fwer. 

10.  If  Scwt.  of  tobacco  cofl 
£,45  2  4  ;  what  is  that  per 


cat. 

::  8 


d. 

4 


Anf.    5 


12 


9f 


Here  is  no  need  of  reducing 
the  middle  term,  becaufe  it  can 
be  performed  by  compound 
multiplication,  the  i.ft  term  be 
ing  an  unit, 

R 


Here  there  is  no  need  of  re 
ducing  the  middle  term,  be- 
eaufe  it  may  be  performed  by 
compound  divifion  only,  the 
3d  term  being  an  unit. 

2J.    If 


11.  If  9<rw*. 
coll  i1       4 
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.  fugarcoft£.27  17*.  6d.  what  will  2«yf.  i^r. 
20-  4 


39 

23 

312 
78 


557 

1  2 
6690 


73 
*9 

263 


'1092 

ft       d.       ft 

As  1092  £   6690  ; ;  263  *  Mff  anjivtr* 
263 

12.  If  57jy^j.  €08:^69,  what 
will  9>'^.  cofl  at  that  rate  ? 


2007 
4014 
'338 


12 


1092)1759470(1611 
1092 


yds.   £.    yds. 

As  57;  69  ::  9 


57)62  1  (io£\  Anf. 
57 


5* 
20 

57)1020(17^ 
57 

450 
399 


1092)1032(0^. 

Note  i.  If  you  look  at  the 
ftating,  you  will  fee  that  the 
firft  and  third  terms  are  of  the 
fame  kind,  but  of  different  de 
nominations,  and  therefore  are 
reduced  to  the  fame  name  or 
denomination,  and,  that  the  de 
mand  of  the  queftion  lies  on 
the  third  term. 

2,  That  the  middle  term,  be 
ing  given  in  pounds,  {hillings 
3 nd  pence,  is  reduced  to  pence. 


5* 

12 

57)612(10^. 
57 

42 
4 


114 


Here  all  the  terms  being 
whole  numbers,  there  is  no 
need  of  reducing  the  middle 
one  until  after  ftating« 

ia. 
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13.  If  my  income  be  109  guineas  per  annum,  I  defire  to  know 
what  1  may  fpend  per  day,  fo  that  I  may  lay  up  /*«45  at  the  year '-s 
end  ? 

Anf.  £.0  5    10  J  Tf5  per  day. 

Note  i.  You  muft  fubtraft  £.45  from  the  value  of  109  guineas. 
2.  There  being  365  days  in  a  year,  your  quefbion  mult  next  be 
Hated  thus  : 

B.    Gain.      £.     D.   s.  d.  qr. 
As  365  :  109  —  45  -•:  i  :  5   10  3^  tfa  anfwra 

14.  If  my  falary  be  ^.43  i2j.  $d.  per  annum,  what  does   it 
amount  to  per  week  ? 

Anf.  £.o   16   8|4| 

Tk:  Stating..  f      fie\  As  there  are  ^  ™.ceks 

W      f     s    d      W  1  and  i  day  in  a  year,  you  will  get 

**  .,      ,  r  \  the   true   anfwer   to    the    above 

As  52  :  43   «  5  «  1  :  ^  ^/  Uueflion  by  the  folloxving  ratio. 

D.     .£.     s.  d.     D. 
As  365  :  43  12  5  ::  7  :  M«  anfaer* 

15.  Suppofe  my  income  to  be  ifcj.  8|-|>|^.  per  week,  what  is  it 
.per  annum  ?  Anf.  ^.43  12  5* 

The  Stating. 
D.     s.  d.  D. 

As  7  :  16  8|^.i  : :  365  :  the  Anf.  above. 
Note  i.  You  mufl  firft  reduce  the  middle  term  to  pence. 

2.  You  mufl  multiply  by  365  (the  denominator  of  the  fraction) 
and  add  to  the  produ6l  the  283  which  remains  ;  and  remember 
always  to  do  fo  in  fimilar  cafes. 

3.  You  muft  divide  by  7,  the  firft  term,  and  the  .quotient  will  be 
the  anfwer  in  3651115  of  a  penny,  which  (in  all  iimilar  cafes)  mufl 
,be  firfl  divided  by  the  denominator,  andthen  brought  into  pounds. 

16.  If  I  am  to  pay  is.  yd.  per  week  for  pafluring  a  cow  ;  what 
muft  J  give  per  week  for  37  cows  ? 

C.    s.  d.      C.    f.  s.  d. 
As  i  :  i  7  :  :  37  ;  2    187  Anf. 

17.  How  many  yards  of  cloth  may  be  bought  for  igsdol.  75^ 
of  which  9!  yards  coft  iidol.  zc.  ? 

Dol.   c.    yds.    Dot.  c.     yds.  qrs. 
As  ii  02  :  9!  :  :  195  75  :    168    3  Anfwer* 

1 8.  If  I  buy  57  yards  of  cloth  for  49  guineas  ;  what  did  it 
coft  per  ell  Englifh  ? 

ydf.guin.  yds. 
As  57  :  49  :  :  i|  :  £.1  ipj.  i^V-  Anf. 

19.  A  merchant,  failing  in  trade,  owes  in  all ^.3475,  and  has 
in  money  and  effects  but  •£  .2316  13  4  :  Now,  fuppofing  his  ef- 
fefts  are  'delivered  up  ,  pray  what  will  each  creditor  receive  on 

pound  ? 

/•        £•     *•  d.     £. 

As  3475 ;  2316  13  4  ; ;  i  :/\o  13*.  #t.  Anf. 

20.  A 
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20.  A  owes  B  />.3475»  but  B  compounds  with  him  for  131.  ±d. 
on  the  pound  ;  pray,  what  muft  he  receive  for  hii  debt  ? 

£.   *.  d.     f.        £.   s.  a. 
AS  i  :  13  4  ::  3475  \  2316  13  4. 

21.  If  the  diftance  from  Newburyport  to  York  be  31  miles  ;  I 
demand  how  many  times  a  wheel,   whofe  circumference  is  15^ 
feet,  will  turn  round  in  performing  the  journey  ? 

Feet.  Cir.     M.       Cir. 
As  15!  t  *   '.'.  31  *    10560  times,  anfwn. 

22.  Bought  9  chefts  of  tea,  each  weighing  %cwt.   *qrs,  2ift,  at 
£ .4  9-r.  per  cwt.  what  came  they  to  ? 

Cut.  £.  s.       C.  qr.  ft  £.    s.    d. 

As  i  :  4  9  ::  3  2  21  x  9  J  M7  J3  8|- 

23.  What  will  37^  grofs  of  buttons  come  to  at  13  cents  per  doz 
en  ?  D0z.  c.      Grofs.    D.  c. 

As  i  :  13  ::  37^-:  58,50  Anfwtr. 

24.  A  farm,  containing  125  A.  §r.  z^p.  is  rented  at  £ •§  9-f.  per 
acre  ;  what  is  the  yearly  rent  of  that  farm  ? 

A.  £.  s.        A.  R.  P.      £. 
As  i  ;  3  9  ::  125  3  27  *  434  8j.  4i^-fr£  A-nfwtr. 

25.  If  a  (hip  coft  £  .537,  what  are  |  of  her  worth  ? 

Eigh.  £.     Eigh.  £.    s.  d. 
As  8  *  537  ::  3  ^  201  7  6  Anjwtr. 

26.  If  J-g  of  a  fhip  coft  1 163!).  what  is  the  whole  worth  ? 

Sixt.     D.        Sixt.      D.    c.  m» 
As  7  *  1163  ::  16  *  2658,28,5  Anfwtr. 

27.  Bought  a  cafk  of  wine  at  4^.  yd.  per  gallon,  for   125  dol 
lars  :  How  much  did  it  contain  ? 

j.  d    Gal.     D.      Gal.qt.pt. 
As  4  7  *  i  ::  125  *  163  2  iT5T  Anfwtr. 

28.  What  comes  the  infurance  of  ^.537   151.  to,  at   £.4^  per 
centum  ? 

£•  £•  £•  s-  £•  *•  d- 

As  100  :  4f  ::  537  15  t  24  3  nf^  ^w/. 

29.  What  come  the  commiffions  of  ^.785  to  at  3!  guineas  per 
cent.  ? 

£•   gu™-    £>     £-  s*  d. 

As  100  *  3i  ::  785  :  38  9  3f  TO  Anf- 

30.  A  merchant  bought  9  packages  of  cloth,  at  3  guineas  for 
7   yards  ;    each  package   contained  8  parcels,  each   parcel,    12 
pieces,  and  each  piece,  20  yards  ;  what  came  the  whole  to,  and 
what  per  yard  ? 

Yds.  guin.  pack.      £. 
As  7  |    3   ;i   9  t    10368  Anf.  for  the,  whole  cojl. 

Yds.  guin.  yd. 
As  7  J   3  ::   i   *  /*.O  12^.  Anf.  per  yard. 

31.  A  merchant  bought  49  tuns  of  wine  for  £".273,;  freight 
coft  ^,27  ;  duties  £,12  ;  cellar  /\9  IOJ,  other  char§es/\i$,  and 

he 
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he  would  gain  /\55   JOJ.   by    the  bargain  ;  what  mufl  I   give 
him  for  23  tuns  ? 

Tuns.     £.      £.     £.   £.  s.     f.     £.   s.     Tuns.      f. 
As  49  t  ^73  +  274-124-9   104-1 54-55   10  ::  23  *  184  Anf. 

32.  If  £*.ico  gain  £.6  in  a   year,  what  will  £.475  gain  in  that 
time  ?  £.    £.      £•     £.   s. 

As  100  :  6  :  :  475  :  z#   10  Anf. 

33.  The    earth    being    360    degrees    in    circumference,    turns 
round  on  its  axis  in  24  hours  ;   how  far  does  it  turn  in  one  min 
ute,  in  the  43d  parallel  of  latitude  ;  the  degree  of  longitude,  in, 
this  latitude,  being  about  51  Ilatute  miles  ? 

H.     D.       M.     M.  M. 
As  24  :  360  x  51  '•'•  l  '  12|  dnf* 

34.  Shipt  for  the  Weftindies  225  quintals  of  fifh,  at  15?.  6u'.  per 
quintal  ;  37000  feet  of  boards,  at  8±dolls.  per  lOcO  ;   12000  fhin- 
gles,  at  -guin.  per  iOOO  ;    19000  hoops  at   \\doll.   per    1000,    and 
53  half  joes  :  and   in  return,  I  have  had  3000  gallons  of  rum  at 
is.  3<Y.  per  gallon  ;   2700  gallons  of  rnolaflfes,  at  §\d.  per  gallon  .; 
15OO&  of  coffee,  at  8}fif.  per  ft,  and  io/;&;£.  of  fugar,  at  i2s.  %d.  per 
tiut.   and   my   charges  on  the  voyage  were  £37    12s.  pray,  did  I 
gain  or  lofe,  and  how  much,  by  the  voyage  ? 

Anjiuer.  lift  £.134  $s.  §d. 

35.  If  a  ftaff,  4  feet  long,  caft  a  fhade  (on  level  ground)  7  feet  ; 
what  is  the  height  of  that  iteeple,  whofe  fhade,  at  the  fame  time, 
xneafures  198  feet  ? 

F.Jh.  F.hei.  F.Jh.  F.hei. 
As  7    :    4   ::   198  :   n^  Anf. 

*36.  Suppofe  a  tax  of  £.755  be  laid  on  a  town,  and  the  inven 
tory  of  all  the  cflates  in  the  town  amounts  to  /~-9345,  what  muil 
A  pay,  whofe  eftate  is  £.  149  ? 

£•     £•     £•   £-'•*' 

As  9345  -*  755  :  :  »49  ;  12  °  9rH%  ArJ* 

37-  ^ 

*  It  may  not  be  amifs  to  (hew  the  general  method  of  aflefTing  town  or  parilh  tax 
es.  Firft,  then,  an  inventory  of  the  value  of  all  the  eftates,  both  real  and  personal, 
and  the  number  of  polls,  for  which  each  perfon  is  rateable,  muft  be  taken  in  (epa- 
rate  columns  :  The  moft  concife  way  is  then  to  make  the  total  value  of  the  inven 
tory  the  fijft  term,  the  tax  to  be  altcfled,  the  fecond,  and  £.1  th?  third,  and  the 
quotient  will  mew  the  value  on  the  pound  :  adly,  Make  a  table,  by  multiplying 
the  value  on  the  pound  by  t,  z,  3,  4,  &c. — 3dly,  From  the  inventory  take  the  real 
and  perfonal  eftates  of  each  man,  and  find  them  feparately  in  the  table,  wlvch  will 
ihew  you  each  man's  proportional  (hare  of  the  tax  for  real  and  perfonal  efla'es. 

Rote.  If  any  part  of  the  tax  is  averaged  on  the  polls,  or  otherwifc,  before  ftaiing 
to  find  the  value  on  the  pound,  you  muft  deduft  the  fum  of  the  average  tax  from 
the  whole  fum  to  be  aflefled  ;  for  which  average,  you  muft  have  a  feparate  column, 
as  well  as  for  the  real  and  perfonal  eftates. 

EXAMPLE. 

Suppofe  the  General  Court  mould  grant  a  tax  of  £.  100000,  of  which. the  town  of 
Newburyport  is  to  pay  ^1321    17*.  6d.  and,  of  which  the  polls,  being  750,  are  to 
^«  cach  » — The  town's  inventory  amounts  to  j^.-'i^ 'ip  »  NV^18i  w^l  li  ^e  on 

the 
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37.  If  50  gallons  of  water,  in  one  hour,  fall  into  a  cittern,  con- 
taing  23o*gallons,  and  by  a  pipe   in  the  ciftern  35   gallons  run 
out  in  an  hour,  in  what  time  will  it  be  filled  ? 

Gal.  gal.  h.      gal.     h. 
As  50 — 35  :  i  : :  230  :  15-*-  Anf. 

38.  A  butcher  went  with  £.4.161  to  buy  cattle  :  Oxen,  at  ^22 
each,  cows  at  £.4.,  fleers  at  £ .%  lOs.  and  calves  at  £.2   ids.  and 
of  each  a  like  number  ;  how   many  of  each   could  he   purchase 
with  that  fum  ? 

£•      £'•      £-s-       £-s.each.     £.     each. 
As  22  -j-  4  -f-  3  10  -{-  2  lo  :  i  :  :  416  :  13  Anf. 

39.  Said  Harry  to  Dick,  my  purfe  and  money  are  worth   3| 
guineas  ;  but  the  money  is  worth  eleven  times  as  much  as  the 
purfe  ;  pray  how  much  money  is  there  in  it  ? 

Guin.  st  d. 
As  12  :  i  :  :  3£  :  7  7.  then  £.4  11^—7.?.  7^—^.4  3J-  5^»  Anf. 

40.  How  many  dozen  pair  of  gloves,  at  13  groats  per  pair,  may 
i'  have  for  1 25  d'ollars  ? 

Gr.  pr.      dot.    doz.pr. 
As  13  :  i  ::  125  :  14  5^  Anf. 

41.  There  is  a  ciftern,  having  four  cocks  ;  the  firfl  will  empty 
it  in  10  minutes  ;  the  fecond  in  20  minutes  ;  the  third  in   40, 

and 


the  pound  ;  and  what  is  A's  tax,  \vhofe  eftate  (as  by  the  inventory)  is  as  follows, 
viz.  real  /".376,  perfonal  Ai4Q,  and  he  has  3  polls, 

Pol.    s.  d.       Pol.       £.    s.    d. 

Firjl,  As  i   753::  750  :  196  17  6  the  average  part  of  the  tax  to  be  deduct 
ed  from  £.1321  ijs.  6d.  and  there  will  remain  £.1125, 
r. 

i   :  6d.  on  the  pound. 
A    B    L    E. 

£•    .   £•  '-  d. 

10  is  o  10  o 
30  —  o  15  o 
40  —  i  o  o 

5°  —  i     50 

60  —  i  10  o 


Secondly,  As  45000  :  1125 


O   O 

5  ° 


*•.•**•* 

i    is   o  o  6 
a  —  o  i  o 

3  —  016 

4  —  020 

5  —  026 

6  —  030  7°  —  1150 

7  __  e  3  6  80  —  2 

8  —  040  90  —  '2 

9  —   046  10O   —    £    tO    O 

jo  —  o  5  o 

ir,to  find  what  A's  rate  will  be. 
His  real  eftate  being  £.376,  I  find, 
by  the  table,  that  £.300  is  £.7  ics. 
that  £.70  is  -       I  15 

and  that  £.6  is     -        -      -         3 

for  his  real  eftate    -       -    £-9     8 

In  like  manner  I  find  his  tax  > 
for  perfonal  eftate  to  be 

His  3  polls,  at  $*,  $d,  each,  are  o    15 


£.          £•  s,  d. 

200     IS        50O 

300  —  7  10  o 
400  —  10  o  o 

50O   12    1O   O 

600  —  15  o  o 
700  —  17  10  o 
800  —  20  o  o 

900    22    1O    O 

1000  —  25    oo 


Real. 

C^*.J- 

980 

Perlonal. 
£•     *•     d. 

Polls. 
£.    *.    d. 

1  otal. 
£•  '•   d. 

3    H    6 

o    15    9 

13  »8  3 
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and  the  fourth  in   80  minutes,  in  what  time  will  all  four,  run 
ning  together,  empty  it  ? 


As 


•       l  *~r  ^  -v-  u  *.  *  •**>  *  ^      ^***|-"y       - 

!I01     Ct/?.    Aftw.  f6    1       Oj?.    Afzw.    Gift.  Min. 

20  I   :  i  : :  60  :  <  3i  >As  lU   :  60  :  :  i  :  5*  ^w/. 
40  j  i^  i 

«cj  I   IJ 


42.  A  and  B  depart  from  the  fame  place,  and  travel  the  fame 
road  ;  but  A  goes  5  days  before  B,  at  the   rate  of  20  miles  per 
day  ;  B  follows  at  the   rate  of  25  miles  per  day  :  In  what  time 
and  di  fiance  will  he  overtake  A"? 

M.     M.  D.     M.  D.    D.  D.  M.      D.     M. 

As  25 — 20  :  i  :  :  20X5  :  20»     -And,  As  i  :  25  :  :  20  :  500 

43.  If  the  earth  revolves  366  times  in  365  days,  in  what  time 
does  it  perform  one  revolution  ? 

Revol.  Days.  RcvoL 
As  366  :  36.5   :  :   i   :  2.%h  56'  3"  56'"  -f-  ~  i  Sidereal  day.* 

44.  If  the  earth  makes  one  complete  revolution  in  23^  56'  3"-)-, 
in  what  time  does  it  pafs  through  one  degree  ? 

As  366°  :  23^  56'  3"  :  :   1°  :  3'  55"  20"'  Anfwr. 

45.  If  the  earth  performs  its  diurnal  revolution  in  a  folar^  day, 
or  24  hours  ;  in  what  time,  does  it  move  one  degree  ? 

As  3600  :   24/f   .  :    jQ  .   4/.  Anfoer, 

46.  Sold  a  cargo  of  flax  feed  in  Ireland,  for ^.1795    lor.  Irifh 
jnoney  ;  what  does  that  amount  to,  in   MafTachufetts  currency, 
/\8i   5J-.  Irifh  being  equal  to /'.ico  Maffachufetts  ?• 

Irijk.        Maff.  IriJJi.  Maf. 

As  /'.8i|  :  ^.100  ::/*.i795-|-     :    ^.2209  i6s.  lid.  Anf, 
Or,  As^.i3   :  /".1795^  '-  £ ".16  '•  /«22O9   16;.   ltd.  as  before, 
facaufe  £ '.13  Irijh  are  equal  to  £  .16  Majfachufetts. 

47.  My  correfpondent  in  Maryland  purchafed  a  cargo  of  flour 
forme,  forjf\437  that  currency  ;  how  much  MafTachufetts  money 
mufl  I  remit  him,  ^.125  Maryland  being  equal  to^.ioo  Mafla- 
chufetts?  £.      £.         £.       £.    s. 

As  125  :   ioo  ::  437  :  349  12  Anf. 
£.  £.    s.   f  Becaufe  £.5   Maryland  are  e- 

Qr,  As  5  :  437  ::  4  :  349  12  \      qual  to  ^.4  Maffachufetts. 

48.  A  bill  of  exchange  was  accepted  at  Newburyport  for  the 
payment  of  ^",345   10,  for  the  like  value  delivered  in  Newyork, 
at  ^.i33iNewyork  currency  for^'.ioo  Maffachufetts  ditto  ;  how 
much  money  was  paid  in  Newyork,  £•"5  MafTachufetts  being  e- 
qual  to  £.100  of  Newyork  ? 

As 

*  A  fidereal  day  is  the  fpace  of  time  which  happens  between  the  departure  of  a 
ftar  from,  and  its  return  to  ths  fame  meridian  again. 

t  The  folar  day  is  that  fpacc  of  time  which  intervenes  between  the  fua'l  departing 
from  any  oge  meridian,  and  its  return  to  the  fame  again, 
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Maff.      Ar.  Y.          Maff.  N.  Y. 

As  £.75  '•  £-lQ°  -  '  £-345   I0f-  •'  /-46°  i3s.  ^d.    Anf. 

49o     \Vhen   the  exchange   from   Maffachufetts  to   Georgia    ift 

.£«%V  Georgia  per  £.100  Maffachufetts,  how  much  Maffachufetts 

money  mufl  be  paid  in  Boflon  to  balance  £.457  Georgia  currency  ? 

Geor.         Maff.          Geor.      Maff. 
As£.83j.  :  £..oo  ::  £.457   •'  £-54*  ^  Anf. 

50.  A  merchant  delivered  at  Bofton/^ao  Maffachufetts  cur 
rency,  to  receive  £.400  in  Philadelphia  ;  what  was  the  Maffa 
chufetts  pound  valued  ac  ? 

B.  P.  B.  P. 

As  /\320  :/\4oO  :  :  £.1  :  £.1   5j.  Anf. 
£•     £'      £•  £'s-  f      BecauiW'.So  Maflachufetts  are 
Or,  As  tfo  :  100  :  :  i  :  i   5    \  equal  to/Tioo  Pennfylvania. 

51.  If  I  draw  a  bill  of  exchange  for  £  .537  ids.  6d.  Maffachu 
fetts,  to  be  paid  in  Ireland,  at/'.  123^  Maffachufetts,  per  £.100 
IriJh  ;  for  how  much  Irifh  money  mull  I  draw  the  bill  ? 

Maff.          IriJh.          Maff.  IriJh. 


£.    £>  £.    £•  /Becauie/.ieMailachu- 

^r,As  16:537  ioj.6rf. :  :  13  :  436  14^.0^.  \  fetts  are  z=/^.i3  Irifh. 

52.  Suppofe  a  bill  is  drawn  in  Ireland,  and  payable  in  Boflon, 
for  £^.673  12^.  6d.  Irifh  ;  how  much  Maffachufetts  money  comes 
It  to,  the  exchange  at  A8i|  Irifh  per  AiOO  Maffachufetts  ? 

£-     £-     £•   *•  d-   £•  J.  d. 

As  8i|  :  100  :  :  673   126:  829  i   6^. 

The  value  of  any  quantity  of  niver  in  any  of  the  currencies 
of  the  United  States  may  be  found  by  the  following  proportion. 

As  the  number  of  grains,  contained  in^.  i,  is  to  £  ti  ;  fo  are 
the  grains,  ia  any  given  quantity,  to  its  value. 

53.  What  is  the  value  of  ift  of  filver  in  Maffachufetts  curren 
cy  ;  the  pound  (or  20  fhillings)  containing  1393!  grains  ? 

£.  s.  d. 

As  1393!  :  i  ::  5760  :  4  2  8. 

All  queftions  in  the  Rule  of  Three,  whether  direct  or  inverfe, 
may  be  folved  by  the  following  rule. 

Let  that  number,  which  is  of  the  fame  name  or  quality  as  the 
number  fought,  be  the  third  term  ;  then,  confider  whether  the 
number  fought  fhould  be  more  or  iefs  than  the  third  ;  if  more,  let 
the  greater  of  the  two  other  terms  be  the  middle  term,  and  the  Iffs9 
thej/zr/?  ;  but  if  the  fourth  number  ought  to  be  le/s  than  the  third, 
then  give  the  tffs  thejecond  place,  and  the  greater,  the  firft.  The 
queftion  being  thus  ftated,  the  proportion  will  be  ;  as  the  firft 
term  is  to  the  fecond,  io  is  the  third  to  the  fourth,  or  number 
fought. 

Euclid's  Elements  V.  14. 

Note.  The  firfl  and  fecond  terms  muft  always  be  brought  into 
one  name,  and  the  third  into  the  loweft  m«uioned?  then  proceed 

as 
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in  the  common  method,  by  multiplying  the  fecond  and  third  terms 
together,  and  dividing  the  produft  by  the  firfl,  and  the  quotient 
wfll  be  the  anfwer,  in  the  fame  name  as  the  third  term  was  re 
duced  into. 

,54.  If  15  yards  of  cloth  cofl  55.  If  12  men  can  do  a  jobb 
£.6,  how  many  yards  may  I  have  in  20  days  ;  in  what  time  will 
for /.i 25  ?  18  men  do  it  ? 

£•   £•     yds-  M-    M.     b. 

As  6  :  125  : :  15  As  18  :  12  :  :  ao 

15  20 

625  1^)240(1^  day s9  A.nf. 

125  18 

6)1875  60 

54 

31 2}  yards  Anf. 

56.  If  I  give  7-r.  yd.  for  3  yards,  how  many  yards  may  I  have 
for  £.39?  •*•  dt  £.  yds.  yds.  qrs.  n. 

As  7  9  :  39  ::  3  :  301     3     2$*  Anf. 

(?r  thus, 

State;  the  queflion  in  the  ufual  way,  and  let  the  fecond  term 
keep  its  proper,  or  natural  place;  then^  multiply  it  by  the  great 
er  or  lefs  extreme,  that  is,  by  the  firfl  or  third  number,  accord 
ingly  as  the  anfwer  ought  to  be  greater  or  lefs  ;  divide  the  prod 
uct  by  the  other  term,  and  the  quotient  will  be  the  anfwer. 

RULE  or  THREE    DIRECT  IN  VULGAR  FRACTIONS. 

RULE.* 

Having  made  the  neceflary  preparations,  as  directed  in  Multi 
plication  and  Diviuon  of  Vulgar  Fractions,  ftate  your  queflion 
as  in  whole  numbers,  and  invert  the  firft  term  of  the  proportion  ; 
then  multiply  the  three  terms  continually  together,  and  the 
produftwill  be  the  anfwer. 

1.  If  f  of  a  yardcoft  |.  of  a£\  what  will  ^  of  an  EllEng.coft? 

{yd.  =  |  of  $  of  i  =gg!L  -  i  EH  Englifl,. 
E.Eng.  £.  E.lng.  *V  «X  « 

Asf:!-:  :A  Andf  X4X-1V=r7g^=J5°T,f.=.7,.  tfi.  |f  AnJ. 

2.  If  \yd.  coft  f  £".  what  will  ^Q\yds.  come  to  ? 

4nf.£.5<)  is.  $d. 

3.  If  70  bufhels  of  corn  cofl  £»iz%>  what  is  it  per  builiel  ? 

An/.  3s.  7ff. 
4.  If 

*  This  rule  and  the  next,  depend  upon  the  fame  principle  as  the  Rule  of  Three 
in  whole  nuinbers, 

S 
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4.  If  ^6-  of  a  fliip  coft  £.51,  what  are  -3%  of  her  worth  ? 


5.  At  £.3l  per  cw/.  what  will  gf  ft  come  to  ?      ^n/.  6j.  3^. 

6.  A  pcrion  having  ^  of  a  veffel,  fells  |-  of  his  {hare  for  ^.3 
what  is  the  whole  v^eTfe!  worth  ?  ^nJ'  £'59%   2J- 

7.  A  merchant  foid  $y  pieces  of  cloth,  each  containing  iz^ 
at  9-f.  •£-/.  per  yaid;  what  did  the  whole  amount  to  ? 


8.  A  buys  of  B  ,£".5.60  J  bank  ftcck  at  £.^5f  per  cent,  what 
comes  it  to  ?  Anf.  £.480  Js.  £±d. 

q.  A  merchant  makes  infurance  upon  a  veflel  and  cargo,  val 
ued  at  ^.3750   16^.  at  15-!  guineas  per  cent,  what  does  the  pre-- 
mium  amount  to  ?  An/.%i%   i8j.  t^d. 

10.  A  merchant  in  Holland  draws  a  bill  upon  his  correfpond- 
ent  in  Bofton  for  3750  ducats  at  8j.  ^d.  :  How  much  Ma-lTachu- 
ietts  currency  muft  he  receive  ?  An/.  ^.1565   i2j.  6cl. 

11.  A  gentleman  from  Bofton  beirtg  in   England,,  where   the 
price  of  filver  is  to  that  of  gold,  as  i  to  15^,  exchanged  158!  ft 
of  (ilver  for  gold  ;  on  his  return  to  Maffachufetts,  where  the 
price  of  fiiver  is  to  that  of  gold,  as  i   to  15^,  a  fricnd,  wanting 
his  gold,  gave  him  the  value  thereof  in  filver  ;  what  weight  of. 
filver  did  he  gain  by  the  exchange  ? 

ft  S.     G.       ft  S.      ft  G.         G.       S.  G.        ft  S. 

As  i'    :       :  :   18     :  10      As       : 


12.  A  merchant  bought  a  number  of  bales  of  velvet,  each  con 
taining  i29|-f  yards,  at  the  rate  of  7  dollars  for  5  yards,  and  fold 
them  out  at  the  rate  of  1  1  dollars  for  7  yards  ;  and  gained  2OO 
dollars  by  the  bargain  ;  how  many  bales  were  there  ? 

Yds.  Dol.     Yds.  Dot.        ~\  Sold   5  yards  for  7*.  Dollars. 
As  7  :  11   ::  5  :  7f          >  Bought  5  yds.  for  7    Dollars. 
J  In  5  yards  gained    ^  Dollar. 

Dol.  Yds.     Dol.      Yds.  Yds.        B.        Yds.       £. 

As  £  :  5  :  :  200  :  n66|-,aw^,  As  t29|-|.  :  i  :  :  n66|-  :  9  Anf. 

Although  the  method  before  laid  down  be  univerfally  applica 
ble,  yet  there  are  other  methods  more  ready  and  expeditious  in 
fome  particular  cafes. 

R    V    L    Z       I. 

If  the  firft  and  third  terms  be  fractions,  and  the  feeond  a 
whole  number,  reduce  the  firft  and  third  to  ene  common  denom 
inator,  then,  rejecting  the  denominators,  make  the  numerator  of 
the  firft,  the  firft  term,  and  the  numerator  of  the  third,  the  third 
term,  and  work  as  in  whole  numbers. 

If  |  yard  coft  gs.  what  coft  -^  yard  at  that  rate  ? 
|  =  f|  and  T^.=z  £f  ,    Now,  As  15  ;  $s.  :  ;  14  :  &r.  4  J 

RULS 
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RULE     II. 

If,  of  the  nrft  and  third  terms,  one  be  i,  and  the  other  a  frac 
tion  ;  put  the  denominator  of  the  fraction  jnitead  of  i,  an<i  the 
numerator  in  the  place  of  the  fraction,  and  work  as  in  whole 
numbers,  as  before. 

If  i  acre  of  land  coft  £.12,  what  will  J  of  an  acre  coft,  at  that 
rate  ?  Den.  £.  A'I/TB.  £.  J. 

As     8     :     1 2     : :     5     1710   Anf. 

RULE     III. 

If  the  fecond  term  be  a  fraction  likewife,  (that  is,  if  all  the 
terms  be  fractions)  ;  having  reduced  the  firft  and  third  to  one 
common  denominator,  multiply  the  numerator  of  the  firft  term 
by  the  denominator  of  the  fecond,  for  a  divifor  ;  and  the  numc- 
ritor  of  the  third  by  the  numerator  of  the  fecond,  for  a  divi 
dend  ;  divide  the  laft  product  by  the  firft,  and  the  quotient  will 
be  the  anfwer. 

If  t.  yard  of  cloth  coft  J£\  what  coft  £  yard  ? 

f  HZ  £,  which  reduces  it  to  a  common  denominator  }  then 
As     4     ;     i     ::     7 
4  3 

16  1 6) 2,1  ( i ^g-  zr  z6s.  %d.  Anf. 

16 

5 

Tojlnd  the  value  of  Gold  in  'Maffachujetts  Currency. 

PROB.  i.  Given  the  weight  of  any  quantity  of  gold,  to  find  its 
value. 

Oz.  £.      Oz.    £.    prat.  s.       gr.    d.  ~ 

THEOREM  i.  As  i  :  5%  :  :  12  :  64  :  :  i  :  5^  :  :  i  :  2|(Ca/e  i.)rr— 

(Cafe  2.)zz^|  (Cafe  3.)  =  |.   Therefore, 

Rule  i.— If  the  given  quantity  be  in  grains  ;  fay,  As  the  de 
nominator  is  to  the  number  of  grains  ;  fo  is  the  numerator  to 
jLheir  value,  in  pence. 

i.  What  is  the  value  of  18  grains  of  gold  ? 

By  Cafe  i.  By  Cafe.  2.  By  Cafe,  3. 

Gr.  Gr.  Gr. 

As  i  :  18  : ;  2|     As  2  :  18  : :  53.      As  3  :  18  : :  8 
*f  5* 

36  90  3)144 

12  6  — — 


48  Rule 
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Rule  2.  If  the  given  quantity  confjft  of  ounces,  pennyweights 
and  grains,  halve  the  grains,  and  then  proceed  ai,  in  multiplica 
tion  of  pounds,  fhillings  and  pence,  making  the  numerator,  in 
Cafe  ad,  the  multiplier, 

Oz.pwt.gr. 

i.  What,  is  the  value  of  7     8     16  of  gold  P 
Grt  gr.  oz.pwt.gr. 

16  4.  z  =  8,  then,  788 


37    3     4 
2     9    6f 

Rule  3.. — If  the  given  quantity  confift  of  pounds  only,  multi 
ply  by  64,  and  the  product  will  be  the  anfwer  ;  but  if  it  confift 
of  pounds,  ounces,  &c.  it  will  be  moft  convenient  to  reduce  the 
pounds  to  ounces,  and  proceed  by  Rule  2. 

1.  What  is  the  value  of  a6ft  of  golds  at  £.64  per  ft  ? 

64 

144 
216 

£.2304  Anf. 

2.  What  is  the  value  of  15^  902.  izpwt.  i%gr.  of  gold  ? 

12 

pwt.gr.      gr, 

ez.  189     12     9  zz  18  -i.  9 

Si 

948      3    9 
63       43 

/'.ion       8     o  Anf. 

PROD.  2.  To  afcertain  the  value  of  any  given  quantity  of 
gold  in  Spanifh  milled  dollars. 

THEOREM  2.  iput.  of  gold  ~  5-^.         i  dollar  «n  6j.     And 

^Z  zr  4-i  ^r  |.     Therefore, 
b 

Rule.  Reduce  the  given  quantity  of  gold  to  pennyweights  ; 
then,  as  the  denominator  is  to  the  given  quantity  ;  fo  is  the  nu 
merator  to  the  anfwer  in  dollars.  Or, 

Divide  by  the  denominator,  and  multiply  the  quotient  by  the 
numerator.  Or, 

Divide 
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Divide  by  the  denominator  and  fubtraft  the  quotient  from  the 
dividend.     In  either  cafe,  you  will  have  the  aniwer. 

i.  What  is  the  value  of  602.  bput.  of  gold,  iu  Spanifh  dollars  ? 
20 

put.  12.6  put. 

As  9  *  126  ::  8 

8  Or,  Or, 

.  9)126  9)*26 

0)1008                           —  14 

*' 14X8— U2/K/. 

Anf.  112  dolls.  na  Anf. 

oz.   pwt.    gr. . 

2.    In    7     13     i7howmany 
dollars?  20 

cz.pat.gr. 

153!^  3.    In     9     8     6   how  many 

24  dollars  ?  20 

619  188 

307  p™t. 

—  As9:i88|::8 
3689  8 


16)29512(136  doll.  9)1506 

216  ^ 


Anf.       i§i%or%  right  pznccs. 
648 


Or,  fuppofe  it  were  required 
I296  to  reduce  the  quantity  of  gold 

J36  to  dollars,  9Oths  and  8ths  of  a 

6  90th  ? 

*i6)8i6(3*.  FJ,^   the   vaiue    for   ounces 

and    pennyweights,  as    in    the 

j68  nrft    Example    ;    the    quotient 

>2  will  be  dollars,  and  the  remain- 

der,  (if  any)  9ths  of  a  dollar  : 

ai6)2oi6(9<f,  Then,  as  one  grain  is  very  near- 

ly  -yy  +  T  of  -^g-  of  a  dollar  ; 

72  divide  the  grains  by  3,  and  the 

4  quotient  will  be  9ths  of   a  dol- 

"~"~~  lar  :    Then    multiply   this    re- 

016       '  mainder  into  -j~  4.  -J,  and  add 

"-    .-  all  to  the  other  work. 

•73 

4.  In 
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In  50z.  igpiut.  ijgr.  how  many  dollars,  goths  and  Sths  of  a 
>oth? 


oz. 
9:5     19  ::  8  gr. 

20  S)J7(5  ««***C'te 

—    *  15 

»  x  AT+1 

9)95* 


!=!!,  then  io5J-§-}-!J+/-4-!-io6!!,  4. 

PRO-B.  3.  To  afcertain  the  weight  of  gold  equivalent  to  any 
given  fum,  currency. 

Rule  i.  If  the  given  fum  be  in   pence,  reverfe  Rule   i.  Theo 
rem  i.  that  is  ;  As  the  numerator  8  is  to  the  given  fum  in  pence  ; 
fo  is  the  denominator  3  to  the  weight  required,  in  grains, 
What  weight  of  gold  is  equal  to  45.  ? 

d.  12 

As  8  :  48  ::  3 


8)144 

Anf.     1  8  grains. 
Rule  2.  If  the  given  fum  be  in  pounds,  fhillings  and  pence* 

As  $3  is  equal  to  -^  ;  therefore,  divide  the  given  fum  by  8,  and 
that  quotient  by  2  ;  add  the  two  quotients  together,  double  the 
laft  denomination,  and  you  will  have  the  anfwer. 

What  quantity  of  gold  is  equivalent  to  £^.45  13^.  4^.  ? 

oz.  pwt.  gr. 

Mark  the  pounds,  Jhillings  a*d\          8)45     13     4 
pence,  as  oz.  prut,  and  gr.  j  -  — 


8     i*     3+3 
Oz.  8     it     6  Anf. 

PR  OB.  4.  To  find  the  weight  of  gold  equivalent  to  any  given 
number  of  dollars. 

Rule.  As  the  numerator  8  is  to  the  number  of  dollars  ;  fo  is 
the  denominator  9  to  the  anfwer  in  pennyweights  :  Or,  divide 
the  dollars  by  the  numerator  8>  and  acid  the  quotient  to  the  div 

idend, 

Or, 
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Or,  divide  as  before,  and  multiply  the  quotient  by  the  denom 
inator  9.    in  either  cafe  you  will  have  the  anfwer. 

Required  the  weight  of  gold  equal  to  76  dollars. 
As  8  :  76  :  :  9  Or  thus,  8};6        Or,  9^X9— 

9 

8)684  Anf. 

-  oz.pzut.  gr. 

85j/»atf.:rr4     5     12 
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RULE. 

Having   reduced  your  fractions  to  decimals,  and   ftated  your 

queftion  as.  in  whole  numbers,  multiply  the  fecond  and  third  to 

gether  ;   divide  by  the  firft,  and  the  quotient  will  be  the  anfwer. 

i.  If  £  of  a  yard  coftT7jof  a  pound  ;  what  will  g|  yards  come  to  ? 

I-  -  ,625  ^  —  ,583  -f  and  |  -  ,666  + 

Yd.       £.  Yd. 

As  ,6z5  ;  ,583  :  :  9,666 


,625)5,635278(9,0164  4-  =£.9  ox, 
5  625 

1027 
6«5 

4028 


2780 
2500 


2.  If  102.  of  filver  coft  6j.  8^.  what  is  the  price  of  a  bow?, 
which  weighs  life  702.  i3£r.  ?  ^w/.  .£\6  6j.  10^. 

3.  If  9J  yards  coft  ^.3  7^.  6d.  wjiat  will  |  yard  come  to  ? 

Anf.  3^. 

4.  If  ihhd.  fugar.  weighing  yctvt.  3^.  14!^  coft  £^.27  131. 
what  will  $cwt.  iqr.  17!%  come  to  ?  Anf.  £.9  iOi. 

5.  A  tobacconift   bought   5^^^.  of  tobacco,   each  weighing 
%cwt.  zqrs.  19^,  for  £.161  \6s.  8d.  what  was  it  per  ounce  ? 

Anf.  &d. 

6.  There  is  a  ciftern,  which  has  3  cocks,  the  firft  will  empty 
it  in  |  of  an  hour,  the  fecond  in  |,  and  the  third  in  i|  hour  ;  in 
what  time  will  it  be  emptied,  if  all  three  run  together  ? 

As- 


144      RULE  OF  THREE  DIRECT  IN  DECIMALS. 


As 


h.  Cifl.   h. 
I    ,25  :  i  :  :  i  :  4 

I   ,75-  *::  »  -  ^ 
J     1,5  :  i  : :  i  :  O,< 


Cifl.  h. 
As  6  :   i 

333+ 
666+ 


Gift. 


:  ,i666-f- 


6  Ct/2. 

7.  A  conduit  has  a  cock,  which,  running  into  a  ciftern,  will 
fill  it  in  12  minutes  :  This  ciftern  has  3  cocks  ;  the  firft  will 
empty  it  in  i|  hour,  the  fecond  in  37-^  minutes,  and  the  third  in 
\  an  hour:  In  what  time  will  the  ciflern  be  filled,  if  all  four 
run  together  ? 


A.  Cz/Z  A.  Cz/?. 

(^   ,2  :  i  :  i  :  5 

,6*5;!  i!;^} 

}5  :  i  :  i  :  2    J 


thejillingCock.  ["5  Gift,  filled  in  an  houn 

<.  4,4  do.  emptied  in  do, 
emptying  Cocks.  l~~Cift.  difference. 


4,4 

CV/S.  A. 
Then,  as  ,6  :  i 

D.  d.c. 


Cifl. 

:  i 


h. 


h.  m. 
—  i  4O  Anfa 


8.  If  19  yards  coft  25,  7  5  what  will  435!  yards  come  to  ? 
yds-    D.  d.  c.       yds.  D.  d.  c,  m. 

As  19  *  Z5>  7  5  '•'.  435»5  9-  lf  345  yar(Js  of  tape  coft  5,  i   7  5, 

115,75  what  will  one  yard  coft  ? 

—  —  —  yds.       D.  d.  c.  m.        yd. 

As  345  *  5,  i  7  5  \\  i 


2J7  75 
3048  5 
21775 


D.  rf.  c.  m. 

19)11214,125(590,2  i 
95 


345)5,  *   7 
345 


d.c.m. 
,o  J   5 


171 
171 


10.  If  I  give  12,8  2  5  for  675   t°P&,    how 
many  tops  will  19  mills  buy  ? 
D.  d.  c.  m.       T.  d.  c.  m. 

AS  12,  8  z  5  j  675  ;:  ,o  1  9 


6075 


12,825)1  2,825(1 
12,825 


RULE 
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RULE    OF    THRE£   INVERSE,   OR  RECIPROCAL   PRO 
PORTION, 

Teaches,  by  having  three  numbers  given,  to  find  a  fourth, 
which  fliall  have  the  fame  proportion  to  the  fecond,  as  the  firft 
has  to  the  third. 

Therefore,  the  greater  the  third  term  is,  in  refpecl  to  the  firft, 
the  lefs  will  the  fourth  term  be,  in  refpeftto  the  fecond  ;  or,  the 
lefs  the  third  term  is  in  proportion  to  the  firft,  the  greater  the 
fourth  muft  be  in  proportion  to  the  fecond  ;  and  this  is  called 
reciprocal,  inverted  or  indirtQ,  Proportion. 

The  principal  difficulty,  that  will  embarrafs  the  learner,  \vill 
be,  to  diftinguifh  when  the  proportion  is  direct,  and  when  indi- 
reft.  This  is  done  by  an  attentive  confideration  of  the  fenfe  and 
tenor  of  the  queftion  propofed  :  For  if  thereby  it  appears  that, 
when  the  third  term  of  the  ftating  is  lefs  than  the  firft,  the  an- 
fwer  muft  be  lefs  than  the  fecond  ;  or  when  the  third  is  greater 
than  the  firft,  the  anfwer  muil  be  greater  than  the  fecond  ;  then 
the  proportion  is  direct :  But,  if  the  third  be  lefs  than  the  firft, 
and  yet  the  fenfe  of  the  queftion  requires  the  fourth  to  be  great 
er  than  the  fecond  ;  or  if  the  third  being  greater  than  the  firft, 
the  anfwer  rriuft  be  lefs  than  the  fecond,  the  proportion  is  inverfe. 

RULE.* 

State  and  reduce  the  terms  as  in  the  Rule  of  Three  Direft; 
then,  multiply  the  firft  and  fecond  terms  together,  and  divide 
the  pro'du£b  by  the  third  ;  the  quotient  will  be  the  anfwer  in  the 
fame  denomination  as  the  middle  term  was  reduced  into. 

If  there  be  fractions  in  your  queftion^  they  muft  be  ftated  as 
before  directed,  and  if  they  be  vulgar,  invert  the  third  term  : 
Then  multiply  the  three  terms  continually  together,  and  the 
product  will  be  the  anfwer. 

EXAMPLES. 

i.  How  much  fhalloon,  that  is  |  yard  wide,  will  line  6|  yards 
of  cloth  which  is  \\  yard  wide  ? 

yd.     yds.     qr±.  qrs.   qrs.      qrs. 

As  ij  :'6|  ::  3  As  5  :    27  :  :  3 

44  5 

5       *7  3)1 3-5' 

4)4-5 

i 1 1  yards,  Anf. 

Tkz 

*  The  reafoa  of  this  rule  may  be  explained  from  the  principles  of  Compound  Mul 
tiplication  and  Compound  Divifion,  in  the  fame  manner  as  the  direft  rule. — Forcxam- 
plt)  If  4  men  can  do  a  piece  of  work  in  1 2  daysj  in  what  time  will  8  men  do  it  ? 

X  AS 
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The,  fame  by  Vulgar  FraElions. 
|~  V,  and3frj.=J.   Then, 


The  fame  by  Decimal  Fractions* 
6  1  ~  6,75.     And  3'frj.  =  ,75.     Then, 


As  »,  2,5  $6,75  1^ 
»i%5 

3375 


2.  What  length  of  board  7^ 


^  ____  In.tr.  In.  ten.  In.br.  In.  ten. 

93  As  12  ;   12   :;  7!  * 

75 

~ 

150 

375 
275 

3.  How  many  yards  of  carpet,  2|  feet  wide,  will  cover  a  floor, 
which  is  18  feet  long  and  16  feet  wide  ? 

ft.     ft.      ft.    ft.    yds.  f      Note,    /  multiply  2|  by 

1  *       ±    An.      I 


As  16:18  :  :       ><3  *  34±£  Anf. 

4.  Suppoie  I  lend  a  friend  £.350  for  5  months,  he  promifing 
the  like  kindnefs  ;  but,  when    requeued,  can  fpare  but£\i25, 
Kow  long  may  I  keep  it  to  balance  the  favour  ? 

£,     Mo.     £.  ,  Mo.. 
,  As  350*  5  ::  125  J  14  Anf. 

5.  Suppofe  450  men  are  in  a  garrifon,  and  their  provifions  are 
calculated  to  laft  but  5  months  ;  how  many  muft  leave  the  gar 
rifon,  that  the  fame  provifions  may  be  fufficient  for  thofe  who 
remain  o  months  ? 

Mo.    M.     Mo.     M.          M. 
As  5  J  450  :  :  9  I  2.50,  and  450  —  250  =r  200  men,  Anf. 

6.  If  a  man  perform  a  journey  in  i^  days,  when  the  day  is  ia 
hours  long,  in  how  many  will  he  do  it,  when  the  day  is  but  10 
hours  ? 

A.      d.        h.       d. 
As  12  *  15  ::  10  t  *8  Anf> 

7.  If 

As  4  men  *  i  2  days  *  *  8  men  \  ..     .....  ~  6  days,  the  Anfwer* 

8 

And  here  the  pxiduft  of  the  firft  and  fecond  terms,  that  is,  4  times  1,2,  or  48,  is 
evidently  the  time  in  which  one  man  would  perform  the  w«k,.  Therefore,  8 
men  will  do  it  io  oae  eighth  pan  of  tke  time,  or 
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7.  If  a  piece  of  land,  40  rods  in  length,  and  4  in  breadth,  make 
an  acre,  how  wide  mufl  it  be,  when   it  is  but    19  rods  long,  to 
make  an  aore  ? 

Leng.  Br.  Leng.  Br.ft.  in. 
As  40  J  4  :*.  19  I  8  6   iiy'-y  Anf. 

8.  If,  when  wheat  is  6s.  per  bufhel,  the  twopenny  loaf  weigh 
9,602.  what  ought  it  to  weigh,  when  wheat  is  ys.  6d,  per  bufhel  ? 

s.      oz.       s.  d.    oz.pwt.gr. 

As  6  :  9,6  ::  7  6  ;  7  13  14,4  Anf. 

9.  If  a  piece  of  board  be  30   inches  in  length,  what  breadth 
will  make  i|  fquare  foot  ? 

fq.ft.  in.      in.      in. 
As  1,5  *  i  :;  30  *  7,2  An/. 

10.  If  9  men  can  build  a  houfe  in  5  months,  by  working   14 
hours  per  day,  in  what  time  will  the  fame  number  of  men  do  it, 
when  they  work  only  lO  hours  per  day  ? 

h.     mo.      h.     mo. 
As  14  t  5  ::  10*  7  Anf. 

13.  A  wall,  which  was  to  be  built  24  feet  high,  was  raifed  8 
feet  by  6  men,  in  12  days  :  How  many  men  mult  be  employ- 
ad,  to  finifh  the  wall  in  4  days  ? 

ft.    m.      ft.  m. 

As  8  J  6  ;:  24  —  tt  I  12  to  finifh  it  in  ta'days.    And, 

d.       m.        d.      m. 
As  12  I    12    ::   4  \  36  to  finifh  it  in  4  days* 

12.  There  is  a  ciflern  having  a  pipe,  which  will  empty  it  in 
6  hours  :  How  many  pipes,  of  the  fame  capacity,  will  empty  it 
in  20  minutes  ? 

A.    pi.     min.  pi. 
As  6  *  i  .-;  20;  I8  Anf. 

13.  What  number  of  men  mufl  be  employed  to  finifh  in  9 
days,  what  15  n^11  would  'be  30  days  about  ? 

da.       m.        da.    m. 
As  3°  t    15    ::    9  :  50  Anf. 

14.  If  a  field  will  feed  6  cows  91  days,  how  long  will  it  feed 

21COWS?  c.      d.        c.       d. 

As  6  *  91  ::  21  *  26  An/. 

15.  How  much  in  length,  that  is  8A  inches  broad,  will  make 
a  foot  fcnaare  ? 

in.     in.      in.      in. 


16.    How  much  in  length,  that  is  131  poles  in  breadth,  will 
make  %  fquare  acre  ? 

po.    po.      po.      po. 


17.    A  regiment  of  foldiers,  conflfting  of  745  men,  is  to  be 
clothed,  each  fuit  to  contain  3!  yards  of  cloth3  which  is  if  yard 

wide, 
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wide,  and  lined  with   fhalloon  f  yard  wide  ;  how  many  yards 
of  fhalloon  will  line  them  ? 

As  7 45 X 3i  J   'I   ::  2  t   4097% yards,  Anf. 
18.  If  a  fuit  of  clothes  can   be  made  of  4!  yards  of  cloth,  ij 
yard  wide  ;  how  many  yards  of  coating  f  of  a  yard  wide  will  it 
require  for  the  fame  perfen  ? 

yd.     yds,      yd.yds.qr.    n. 
As  i  j  :  4f  :  :  $  :  6     i     3*.  Arif, 


ABB 


EVIATIONS. 


To  know  whether  a  fraBion^  when  abbreviated^  be,  equivalent  in  fill  re- 
jptfls  to  the  original  given  JraElion. 

RULE. 

As  the  numerator  of  the  fraction,  in  its  loweft  terms,  is  to  its 
denominator  ;  fo  will  the  numerator  of  the  original  fraftion  be 
to  its  own  denominator. 

Or,  as  one  numerator  is  to  the  other  ;  fo  will  one  denomina 
tor  be  to  the  other,  &c. 

A  owes  B  £\75  13^.  6d.  now  £\ipo  of  A's  money  is  equal  to 
£.140  of  B's  j  what  muft  A  pay  to  fatisfy  the  faid  debt  ? 

£.   s.  d. 

=:  j>  therefore,  75   13  6 
5 


7)37^     7 


£.54    ,  i   of  Anf. 

Now,  to  prove  whether  -^  be  equal  to  ij§. 

Num.  Den.   Num.    Den.  Num.  Num.    Dtn.  Den. 


As  5  :  7  :  :   100  :   140- 


as  5  :  100  : .  7  :  140. 


COMPOUND    PROPORTION,   p*    DOUBLE 
RULE    OF    THREE, 

Teaches  to  refolve  fuch  queftions  as  require  two,  or  more, 
ftatings  by  fimple  proportion  ;  and  that,  whether  direft.or  in- 
verfe  :  It  is  compofed  (commonly)  of  5  numbers  to  find  a  fixth, 
which,  if  the  proportion  be  direct,  muft  bear  fuch  proportion  to 
the  4th  and  5th  as  the  3d  bears  to  the  ift  and  2d  ;  but  if  inverfe, 
the  6th  number  mu(t  bear  fuch  proportion  to  the  ^th  and  ^th,  as 
the  firft  bears  to  the  2d  and  3d. 

FIRS  i 
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FIRST     MET   H   o   D,* 
By  tzcot  or  more,  proportions  in  the  Si-'^k  Rule  of  Thr-'t, 

RULE. 

t.  Let  either  of  the  two  numbers,  of  which  the  queftion  is 
Failed,  be  put  in  the  third  place,1  and  the  correfpondent  numbrr, 
of  the  fame  name  or  kind,  in  the  fit  ft  ;  the  iccond  will  be  that, 
which  has  no  correfpondent  number  given. 

2.  Three  of  the  five  given  numbers  being  thus   dated,  find  a 
fourth  proportional. 

3.  Put   this  fourth   number  for  a  fecond  number  of  a  fecond 
ftating,  the    remaining  number  of  which  the  queftion  is  railed, 
the   third,  and   its  correfpondent  number  of  the-fame  name,  the 
lirft,  then  will  the  fourth  number  refulting  be  the  anlwer. 

If  a  principal  of  £.100  gain  £.6  intereft  in. a  year  ;  what  will 
a  .principal  of  £.400  gain  in  9  months  ? 

Here  of  the  five  given  numbers,  jf.too  principal,  £.6  intereft, 
and  a  year  or  12  months,  are  conjoined  in  form  of  a  fuppofition, 
and  thereupon  a  queftion  is  raifed  concerning  £.400  for  9  months  ; 
wherefore,  let  either  of  the  two  numbers,  ^'.400  or  9  months,  be 
put  for  the  third  number  of  the  fit  ft  ftating,  and  its  correfpond- 
|ng  term,  £.  iOO  or  12  months,  for  the  firft* 

£.       £.     £.  Mo.    £.      Mo. 

As  iOO  :  6  :;  400  As   12  ;  24  ::  9 

6  9 

1,00)24,00  12)216 

24  Anf.  £.18  Anf. 

Or  thus, 

Mo.    £.     Mo.   £.  £.      £.          £.       £. 

As  12:6:19:  4^.  And,  As   100  :  4!  :  :  400  :    18, 

Such  queftions  as,  whe?a  ftated,  are  found  to  have  both  ftat- 
ings  direct,  may  be  folved  more  readily  by  one  compound  ftating, 
thus  :  Place  the  tv/o  terms,  of  which  the  queftion  is  railed,  un 
der  one  another  in  the  third  place,  their  correlpondent  terms 
under  each  other  in  the  firft,  and  the  remaining  term  in  the  mid 
dle  :  Then  multiply  both  ihefe  firft  terms  together,  and  the 
third  terms  together,  and  fo  the  double  ftating  is  reduced  to  a 
iimple  one  of  the  Ruk  of  Three  Dirttt  ;  viz.  the  product  of  the 

t  w  o 

*  The  reafon  of  this  rule  may  b<  fhewn  from  the  nature  of  direft  and  inverfe 
proportion  : — For  in  this  rule,  evrry  row  is  a  particular  ftating  in  one  of  thofe 
rules  ;  and,  therefore,  if  all  the  feparate  dividends  be  collefted  into  one  dividend, 
and  all  the  divifors  into  one  diviibr,  their  quotients  nmft  be  the  anfwer  fought  : 
Thus,  in  example  ift, 

£•      £•       £,  Mo.     £.    £.     'Mo. 

As  !co  :  6  ^  4oo  *  i^><!,  and  as  i,  t 

loo 
Rulfl  af  Three  Dircft, 
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two  firft  terms  is  the  firft  of  a  iimple  ftating  ;  the  fecond  term 
is  the  fecond,  and  the  produft  of  the  two  third  terms  is  the  third, 
to  find  a  fourth  proportional — Thus, 


So  the  firft  example  will  ftand  thus 

/".  ioo~l     .  /*  6  •  •     /4°° 
Mo.  1 2  j    *  *•  *  \     9 

T^; 


£,18  Anf. 
SECOND     METHOB, 

Always  place  the  three  conditional  terms  in  this  order  :  That 
number  which  is  the  principal  caufe  of  gain,  lofs  or  action,  pof- 
fefles  the  firft  place  ;  that  which  denotes  the  fpace  of  time  or 
diftance  of  place,  the  fecond  ;  and  that,  which  is  the  gain,  lofs 
or  action,  the  third  :  This  being  done,  place  the  other  two  terms, 
which  move  the  queftion,  under  thofe  of  the  fame  name,  and  if 
the  blank  place,  or  term  fought,  fall  under  the  third  place,  then 
the  queftion  is  in  direft  proportion  ;  therefore, 

Rule  i. — Multiply  the  three  laft  terms  together,  for  a  dividend, 
and  the  two  firft  for  a  divifor  : — But  if  the  blank  fall  under  the 
firft  or  fecond  place ;  then,  the  proportion  is  inverfe ;  therefore, 

Rule  2. — Multiply  the  firft,  fecond  and  laft  terms  together  for 
a  dividend,  and  the  other  two  for  a  divifor,  and  the  quotient 
•will  be  the  anfwer. 

i.  If  £.100  gain  £.6  in  a  year;  what  will  £.400  gain  in  9  months? 
£.  P.  Mo.    £.  Int. 

joo  :   12  :  :  6  Terms  in  thefuppofition,  or  conditional  terms* 

400  :     9  Terms  which  move  the  queftion, 

Here,  the  blank  falling  under  the  third  place,  the  queftion  is 
in  direft  proportion,  and  the  anfwer  muft  be  found  by  the  firft 
Rule;  therefore*         400  X   9X6=21600  For  the  dividend,  and 
lOOX  i2        =    1200  For  the  divijor, 
See  the  work  at  i&rge* 
r>Pr.        Mo.      f.Int. 

^00  :  12  ::  6 

4<so     £      9 
9  iBloo)2t6,oo(i8£,  AnJ. 

12 

too    3600  — 

i»          6  96 

18,00)2  tfjOot 

§»  Ir 
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2.  If  j£.ico  will  gain  £&  in  a  year  ;  in  what  time  will  A^OO 
gain  £.18  ?      .  £.     Mo.    £.  ^ 

ico  :  12  :  :    6  Terms  in  thcfuppofition. 
400  :         :  :  18  Terms  zvkic/i  move  the  queftion. 
Here,  the  blank  falling  under  the  2d  place,  the  queftion  is  in 
reciprocal  or  inverfe  Proportion,  and  the  anfwer  muftbe  fought 
by  the  fecond  Rule  ;  therefore, 

100x12X1^  ~  21600  For  the  dividend. 
400  X    6  zr:     2400  For  the  divijor. 

£.  Pr.       Mo.       £.  Int. 
;00     :      12      : :     6 
400     ;  ;  :    1 8 

6  12 


2400 


1OO 


24J3O)2i6|oo(g  months,  Anf. 
216 


§.  If  £.400  gain  £".18  in  9  4.  What  principal,  at  6  r>er 

.onths  ;  what  is  the  rate  per  cent,  per  aan.  will  gain  £.  18  hi 

:nt.  per  annum  ?  9  months  ? 

Pr.          Mo.           Int.  "Pr.           Mo.          Int. 

400     :     a     :  :     18  o     ;     j2     : :     6 


months 

cent. 

Pr. 
400 
1OO 


Mo. 
> 

12 
18 


4OO  2l6 

9  100 

36|oo)2i6|oo(£,6 
216 


100 

54)21600(400  Anf. 
216 


oo 


£.  If  8  men  fpend  £\#2  in  13  weeks  ;  what  will  24  men.  fpend 
in  52  weeks  ?    '          ^  M.     W.      £. 
8  :    13  ::  32 

24  :    52  £«S84  -^lA 

6.  If  the  freight  of  ghkds.  of  fugar,  each  weighing  tzcut.  20 
leagues,   co.fl   £.16  ;  what  muft  be   paid  for  the  freight  of  50 
tierces  ditto,  each  weighing  afczuf,  100  leagues  ? 
hhds.     Icag.         £. 

9     :     20     : ;   »S  £.     st     d. 

50     :  100  92    u    io|.  Anf. 

7,  There 
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7.  There   was   a   certain   edifice   completed   in  a   year  b^   2© 
workmen;    but  the  lame   being  dernolifhed,  it  i.  neceffary  that 
juft  fuch  an    one  fhouid  be  built   in  5  months,     I  demand  th-e 
number  of  men  to  be  employed  about  it  ? 

?7Z.       tno.      cd. 
20  *    12   ::    i 

5  ::   i  -  -  48  mcrit  Anfuer. 

8.  If  6  men   build  a  wail  20  feet   long,  6  feet  high  and  4  feefc 
thick,  in    ib  days,  in  what  time  will  24.  men  build  one  200  feet 
long,  8  feet  high  and  6  feet  thick  ? 

»  ??2.     da.        Jt. 

6  *    16   ::      20X0X4 
24  ;          ::   200 x  * X 6  todays,  Anfwer  a 

THIRD     METHOD. 

That  number,  which  is  of  the  fame  name  as  the  number  fought, 
xnuft  be  the  laft  term,  on  the  right  hand  ;  then,  take  any  two  of 
the  other  numbers,  which  are  of  one  k^nd,  and  if,  when  com 
pared  with  the  iaft  number,  more  be  required  ;  fet  the  greater  in 
the  fecond  place,  (next  to  the  lalt  term,  with  four  dots  between) 
a-nd  the  lefs  in  the  nrit,  (at  the  left  hand,  with  two  dots  be 
tween  :)  But,  if  lefs  be  required,  let  the  lefs  ftand  in  the  fecond 
place,  and  the  greater  in  the  firft  .-  When  thefe  three  numbers 
are  properly  dated,  take  any  two  others,  of  one  kind,  which  re 
main  in  the  queftion,  and  compare  them  with  the  laft  number, 
as  before,  to  find  whether  they  require  a  greater  or  a  lefs  anfwer, 
and  fet  them  accordingly,  immediately  to  the  left  hand  of  thofe, 
already  flated,  with  dots,  as  before  directed  ;  thus  proceed  with 
every  two  remaining  numbers,  until  all  ftand  in  one  continued 
line. 

Place  A  over  the  firft,  third,  fifth,  &c.  numbers,  emitting  the 
and  call  them  antecedents  y,and  C  over  the  fecond,  fourth, 
fixth,  &c.  and  call  them  confequents.  This  being  done,  multiply 
all  the  antecedents  continually  together,  for  your  firft  term  ; 
and  all  the  confequents  continually  together,  for  the  fecond. 
Then  will  the  proportion  be,  As  the  product  of  the  antecedents 
is  to  the  product:  of  the  confequents  ;  fo  will  the  laft  number  be 
to  the  anfwer. 

Euclid's  Element sr  V,  t». 

Take  the  8th  queftion  in  the  fecond  method. 
If  6  men  build  a  wall  ao  feet  long,  6  high  and  4  thick,  in  16 
days,  in  what  time  will  24  mei*  build  one  2QO  feet  long,  8  high, 
thick  ? 

A 
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/,       C            AC             A  C 

Jt.th.  ft.  tk.      ft.  hi.  ft.  hi.      ft.  Ion.  ft*  Ion. 

4    :    6    : ;    6    :    8    :  :    20    :  200    :  :    24    :    6    : :    16 
24 


As  11520 


57600 


345600 
57600 

1 1 5  2  [0)9  2 1 6o|o(8o  days, 
9216 


COMPARISON  OF  WEIGHTS  AND  MEASURES. 
EXAMPLES. 

1.  If  78  pence  Maflachufetts  be  worth  i  French  crown,  How 
many  Maliachufetts  pence  are  worth  320  Frenfeh  crowns  ? 

Fr.  cr.     d.          Fr*  cr. 
As  i  ;  78  : :  320 

78 

2560 
2240 

24960  Anjwtr. 

2.  If  24  yards  at  Boflon  make  16  ells  at  Paris,  How  many  ells 
at  Paris  will  make  128  yards  at  Boflon  ? 

Boft.       Par.  JBoJt.     .     Par. 

As  z^yds.  :  16  ells  : :  128 yds.  :  85-^^,  Anf^ 

3.  If  6oft  at  Boflon  make  56^  at  Amflerdam,  How  many  ft  at 
Bofton  will  be  equal  to  350  at  Amfterdam  ? 

Amf.    Boft.       AfnJ.      Boji. 
As  56ib  ;  6'bft  ; ;  35Oife  ;  375^  Anf. 
V  4.  If 
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4.  If  95ft  Flemifh  make  lOOft  American,  how  many  American 
fbs  are  equal  to  550!^  Flemifh  ? 

Flem.      Amur.         Flem.     Amtr. 
As  95lb  :   loofe  :  :  550^  :  syB-J-ffb  Anf. 


CONJOINED     PROPORTION 

Is  when  the  coins,  weights  or  meafures  of  feveral  countries 
are  compared  in  the  fame  queftion  ;  or,  in  other  words,  it  i& 
joining  many  proportions  together,  and  by  the  relation,  which 
ieveral  antecedents  have  to  their  confequents,  the  proportion 
between  the  firft  antecedent  and  the  laft  confequent  is  riifcover- 
ed,  as  well  as  the  proportion  between  the  others  in  their  ieveral 
refpe&s. 

This  rule  may  generally  be  fo  abridged  by  cancelling  equal 
quantities  on  both  fides,  and  abbreviating  commenlurables,  that 
the  whole  operation  may  be  performed  with  very  little  trouble, 
and  it  may  be  proved  by  as  many  ftatings  in  the  Single  Rule  of 
Three  as  the  nature  of  the  queflion  may  require. 

CASE       I. 

When  it  is  required  to  find  how  many  of  the  firft  fort  of  coinr 
iveight,  or  meafure,  mentioned  in  the  queflion,  are  equal  to  a 
given  quantity  of  the  laft, 

RULE. 

Place  the  numbers  alternately,  that  isy  the  antecedents  at  the 
left  hand,  and  the  confequents  at  the  right,  and  lee  the  laft  num 
ber  ftand  on  the  left  hand  ;  then  multiply  the  left  hand  column 
continually  for  a  dividend,  and  the  right  hand  for  a  divifor,  and 
the  quotient  will  be  the  anfwer. 

EXAMPLES. 

1.  Suppofe  1OO  yards  of  America  zr  100  yards  of  England, 
and  JOG  yards  of  England  zr  50  canes  of  Thouloufe,  and  iOQ 
canes  of  Thouloufe  zz  160  ells  of  Geneva,  and  lOO  ells  of  Gene 
va  zz  200  ells  of  Hamburgh  :  How  many  yards  of  America  are 
equal  to  379  ells  of  Hamburgh  ? 

Antecedents.  Confequents.  Abridged. 

100  of  America     —  -    100  of  England.  Ant.       Con. 

100  of  England     rr     50  of  Thouloufe.  5  & 

10O  of  Thouloufe  zr  160  of  Geneva.  379 

100  of  Geneva     zz     200  of  Hamburgh. 
379  of  Hamburgh  ? 

Therefore,  ^I^^^fe^^pf  America  =  37  9  ells  of  Hamburgh. 
8 

ILLUSTRATION. 

The  two  ioors  on  both  fides  cancel  each  other.  Let  the  laft  cy 
phers  of  the  three  next  antecedents  and  confequents  be  cancelled, 
which  is  dividing  by  10.  Then  divide  the  fscond  antecedent  and 

confequent 
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confequent  by  5,  and  the  quotients  will  be  2  on  the  fide  of  the 
antecedents,  and  i  on  the  iide  of  the  confequents  ;  then  2  will 
meafure  the  third  antecedent  and  confequent,  and  the  quotients 
will  be  5  and  8.  10  will  meafure  the  4th  antecedent  and  confe 
quent,  and  the  quotients  will  be  i  arid  2.  Now,  there  being  2. 
left  on  each  fide,  they  cancel  each  other,  and  as  there  is  no  far 
ther  room  for  abridging  by  reafon  of  the  odd  number  379,  the 
operation  is  finifhed,  and  the  anfwer  found,  as  before. 

2.  If  soft  at  Bofton  make  23}%  at  Antwerp,  and    15/5    at  Ant 
werp  make  180  at  Leghorn  ;  How  many  at  Boftou  aisj  equal  to 
144  at.  Leghorn  ? 
Antecedents.         Confequents, 

ft  ft 

20  of  Bofton   zr  23  of  Antwerp.  20  X  *55X  14411:446400  divid. 
1  55  of  Antwerp~'i8oof  Leghorn.  23  X  180—4140  divifor. 
144  of  Leghorn.  4l4\o}4.$6$o[o(iO-]±?s  Anfwer. 

Or,   abridged  ii4  = 


3.  If  laft  at  Bofton  make  10  at  Amfterdam,  looft  at  Amfter- 
dam    i20ft  at  Paris,  How  many  ft  at  Bofton  are  equal  to  Soft  at 
Paris  ?  Anf.  8oft0 

4.  If  140  braces  at  Venice  be  equal  to  1,50  braces  at  Leghorn, 
and  7  braces  at  Leghorn  be  equal  to  4  American  yards,  How  many 
Venetian  braces  are  equal  to  32  American  yards  ?          Anf.  52-^-. 

5.  If  4cft  at  Newburyport  make  36  at  A-mfterdam,  and  90!%  at 
Amfterdam  make  1  16  at  Dantzick,  How  many  ft  at  Newburyport 
.are  equal  to  26oft  at  Dantzick  ?  Anf.  224-/Tft0 

CASE       II. 

When  it  is  required  to  find  how  many  of  the  laft  fort  of  coin, 
•weight  or  meafure,  mentioned  in  the  queftion,  are  equal  to  a  giv 
en  quantity  of  the  firft. 

RULE, 

Place  the  numbers  alternately,  beginning  at  the  left  hand,  and 
let  the  laft  number  ftand  on  the  right  hand  ;  then  multiply  the 
firft  row  for  a  divifor,  and  the  fecond  for  a  dividend. 

EXAMPLES. 

1.  If   i2ib  at  Bofton  make    icft   at  Amfterdam,  and   looft  at 
Amfterdam  I2oft  at  Paris,  How  many  at  Paris  are  equal  to  Soft  at 
Bofton  ?  Left.  Right. 

Bojton  12       10     iOX  120x80  m  96000 
Amjttrdam  lOO     120  --  —  -  go  Anf. 

80     12X100      zr       1200 

2.  If  4oft  at  Newburypo»t  make  36  at  Amfterdam,  and  goft  at 
Amfterdam  make  116  at  Djjj^zick,  How  many  ft  at  Dantzick  are 
e4jual  to  244  at  Newburyport  ?  Anf.  283^!^. 

A  ARBITRATION 
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ARBITRATION    OF    EXCHANGES. 

By  this  term  is  underflood  how  to  choofe,  or  determine  the 
beft  way  of  remitting  money  from  abroad  with  advantage  ;  which 
is  performed  by  conjoined  proportion  :  Thus, 

Suppofe  a  merchant  has  effects  at  Amfterdam  to  the  amount  of 
3530  dollars,  which  he  can  remit  by  way   of  Ljfbon  at  840  rees 
per  dollar,  and  thence  to  Bofton,  at  8,r.  \dr  per  milree  (or  iOCO 
rees  :)  0r,  by  way  of  Nantz,  at  5-|  livres  per  dollar,  and  thence 
to  Bofton  at  6s.  8df.  per  crown  :  it  is  required  to  arbitrate  thefe 
exchanges,  that  is,  to  chocfe  that  which  is  moft  advantageous  ? 
i  dollar  at  Amfterdam  zz:  840  rees  at  Lifbon. 
lOOO  rees  at  Lifbon    zz:       97^.  at  Bofton. 

3530  dollars  at  Amfterdam. 
840X97X353°         £        g  „      8TV.bywayof  Lifton. 


i  dollar  at  Amfterdam  zz:  5-f  livres  at  Nantz. 
6  livres  at  Nantz  nz  80  pence  at  Bofton. 

3530  dollars  at  Amfterdam. 


Here  it  may  be  obferved  that  the  difference  is  ^.139  8 
in  favour  of  remitting  by  way,  of  Lifbon  rather  than  by  Nantz, 
which  depends  on  the  courfe  of  exchange,  at  that  time  ;  but  the 
courjc  may  vary  fo,  that,  in  a  fhort  time,  by  way  of  Nantz  may  be 
better  ;  hence  appears  the  necefnty  and  advantage  of  an  exten- 
five  correfpondence,  to  acquire  a  thorough  knowledge  in  the 
courjcs  of  exchange,  to  majte  this  kind  of  remittance. 

FELLOWSHIP. 

The  Rules  of  Fellowfhip  are  thofe  by  which  the  accompts  of 
feveral  merchants^  or  other  perfons,  trading  in  partnerfhip,  are 
fo  adjufted,  that  each  may  have  his  fhare  of  the  gain,  or  fuftain 
his  {hare  of  the  lofs,  in  proportion  to  his  fhare  of  the  joint  ftock, 
together  with  the  time  of  its  continuance  in  trade. 

SINGLE     FELLOWSHIP 
Is,  when  the  ftocks  are  employed  for  any  certain  equal  time. 
RULE.* 

As  the  whole  ftock  is  to  the  whole  gain  or  lofs,  fo  is  each 
man's  particular  ftock,  to  his  particular  fhare  of  the  gain,  or  lofs, 

PROOF, 

*  That  their  gain  or  lofs,  in  this  rule,  is  in  proportion  to  their  ftocks,  is  evi 
dent  :  For,  as  the  times,  in  which  the  ftocks  arc  in  trade,  are  equal,  if  I  put  in  •£ 
of  the  whole  flock,  I  ought  to  have  5  of  the  gain  ;  if  my  part  of  the  ftock  be  £,  my 
fhare  of  the  gain  or  lofs  ought  to  be  i  alfo.  And  generally  the  fame  ratio  that  the 
whole  ftock  has  to  the  whole  g^in  or  lofs,  mult  each  f  erfou's  particular  ftock  have' 
to  his  refpeftive  gain  or  lofs. 
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PROOF.  Add  all  the  particular  fhares  of  the  gain  or  lofs  to 
gether,  and,  if  it  be  right,  the  iuin  will  be  equal  to  the  whole 
gain  or  lofs. 

EXAMPLES. 

1.  Divide  ,the  number  360  into  4  fuch  parts,  which  fhall  be  to 
«ach  other  as  3,  4,  5  and  6. 

fa  :   6cn 

As  34-4+5+6  :  360  ::    J  4  -    ^°  \AnJwer. 

\^6  :   120J 

360   Prorf. 

2.  A,  B,  C  and  D   companied  ;—  A  put  in  £.145  ;   B,  £~.2tg  • 
C,  ^.378,   and  D,  £.417,  with  which  they  gained  £.56}  :   What 
was  the  fhareof  each  ?  £.    s.    d. 

Gain.        '«:    7-      88jA;«>.. 


4  1  7  :  204   145!  T3TY-g-  D's  dit. 


£.569   --  ^ 

g.  A,  B,  C  and  D  are  concerned  in  a  joint  ftock  of  £.168  2J.  6jf. 
of  which  A's  part  is  £.25   ios.  ;   B's  £\S1    15-f-  5   C's  ,£".49,  and 
jD's  j£«55   17  o^.  —  Upon  the  adjufhment  of  their  accompts,  they 
have  loft  ^.73    13.^.  ^d.  What  is  the  lofs  of  each  ? 
AnJ.  A?s/<J/>/",ii  3J.  $\d.  B's  £  16  IQJ.  9^.  C's  £'.21  95.  4-3^.  3  D's  ^.24  9*.  -jlj. 

4.  A  and  B  companied  -,  A  put  in  £  .45,  and  took  -|  of  the  gain  ; 
What  did  B  put  in  ?        5  —  3~2.  Then,  As  3  :  45  :  :  2  :  30  y^//I 

5.  A,  B  and  C  freighted  a  fhip  with  68900  feet  of  boards  :  A 
put  in  16520  feet  ;  B  28750  ;  and  C  the  reft  ;  but,  in  a  florm,  the 
Captain  threw  overboard  26450  feet  ;  How  much  muft  each  fuf- 
tain  of  the  lofs  ?     Anf.  A,  63415  feet.  B,  1  1036!  £3  C,  9071^  do* 

6.  A   gentleman   died,   leaving  three  fons   and  a  daughter,  to 
whom  he  bequeathed  his  eftate  in  the  following  manner  :  Toihc 
cldeft  fon  he  gave  312  moidores,  to  the  fecond  312  guineas,  to  the 
the  third  312  piftoles,  and  to  the  daughter  312  dollars  ;  but  when 
his  debts  were  paid,  there  were  but  312  half  joes  left  ;  What  muft 
each   have   in  proportion  to    the    legacies   which  had   been  be 
queathed  them  ? 

Anf.    ift  fon   /\293  or.    zd.  —  2d   fon  £.227   1-jr.    ir--|d  —  3d    fon 
£.179  is.  2.\d.  and  the  daughter  /'.^jB   j6j.  8|rf. 

7.  A  (hip,  worth  ^.780,  being  loft  at  fca.  of  which  -t  bclo 

to  A,  |  to  B,  and  the  reft  to  C  -/What  lofs  will  esch  fuftain,  i'up- 
poiing  ,£".450  to  have  been  infurcd  upc;n  her  ? 
789—  450—330,  Then  1)330  -^330  1)330 


8.  A 
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8.  A  and  B  venturing  equal  fums  of  money,  cleared  by  joint 
trade/*.  140  : — By  agreement,  as  A  executed  the  bufinefe,he  was 
to  have  8  per  cent,  and  B  was  to  have  5  per  cent.  What  was  A 
allowed  for  his  trouble  ? 

/"•'£•  £•      £•  £-  £-  £•  £•     £.  £• 

As  84-5  :  140  :  :  8  :  86T7T     And,  as  8+5  :  140  :  :  5  :  53-t|. 

-'A?if.£$2bs.  i#.T»T. 

p.  A  bankrupt  is  indebted  to  A  £.  120,  to  B  ^.230,  to  C  £.340, 
and  to  D  £'.450,   arid  his  whole  eilate   amounts   only  to  £.560  : 
How  muft  it  be  divided  among  the  creditors  ? 
y^y,A,/Y$8  i8j.  ii+d.     b,/.ii2  i9s.  7±d.    C,£\i67  os.  ±d. 
and  D,  £  .221    is.  O±d. 

10.  A,  B  and  C  put  their  money  into  a  joint  flock  ;  A  put  in 
£.40  :  B  and  C  together,  £.170  ;  They  gained  ^.126,  of  which 
JB  took  £.42,  ;  What  did  A  and  C  gain,  and  B  and  C  put  in  re- 
fpeftively  ?  * 

As^~.2iO  the  whole  (lock  :  £.12.6  the  whole  gain  :  :  /\4Q 
A's  flock  :  ^.24  A's  gain. 

As^.24  A's  gain  :  £-^0  A's  flock  :  :  ^.42  B's  gain  \  £. 706*8 
flock.  Then  £  ^7°-~£  7crr£~.ioo  C's  ilock  ;  and  jthe  whole 
gain £*\ 26 — £  .66  A's  and  B's  gain— /\6o  C's  gain. 

n.  A,  B  and  C  companied  ; — A  put  in  £>^O  ;  Bj^.6o,  and  C, 
a  fum  unknown  :  They  gained  £.72  ;  of  which  C  took  £.$z  for 
his  fhare  :  What  did  A  and  B  gain,  and  C  put  in  ? 

The  whole  gain  £".72 — C's  gain  £.32— £.40,  A's  and  B's  gain: 
Then,  As  £.100,  A's  and  B's  "flock  :  £.40  their  gain  :  :  £.40  A's 
flock  :  £.16,  his  gain.  Again,  As  £.10  A's  gain  :  £.40,  his 
flock  :  :  £.32,  C's  gain  :  £.80,  n^s  &ock. 

12.  A,  B  and  C  put  in  £.720,  and  gained  £.540,  of  which,  fa 
-often  as  A  took  up  £\3,  B  took  5,  and  C  7  ;  What  did  each  put 
in  and  gain  ?  £.  £. 


£•  £•£•      £•          f3 


As  3-f  5+7  :  540 


£• 

And,  as  3+5+7  •  72°  :  :      5 

7 


lo8  A's  gain. 
180  B'sdi 
252  C's  ditt 
144  A's  Steck. 
240  B's  ditto. 
336  C's  ditto. 


;ain.l 
itto.  V 
itto.  J 


Or,  you  may  find  a  common  multiplier  to  multiply  the  pro 
portions  by,or  multiplicand  to  be  multiplied  by  the  given  pro 
portions,  thus,  15)720(48  multiplicand  to  find  the  flocks. — And 
15)540(36  multiplicand  to  find  the  grains. 

£.  £• 

48x3=1:144  A's  flock  1  f  36x3=1 08  A's  gain, 

48x5—2406'$  ditto.  lAnd<  36x5—1 8o  B's  ditto. 
4$ X 7=336  C'«  ditto.  J  [36^7=252  C's  ditto,  as  before. 

.'3-  A 
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13.  A,  B,  C  and  D  companied  ;  and  gained  a  fum  of  money, 
'of  which  A,  B  and  C  took/ .120,  B,  C  and  D,/\ioo,  C,  D,  and 
A, /".1 60,  and  D,  A  andB,/  .140  ;  What  diftind  gain  had  each? 

The  fum  of  thefe  4  numbers  is  j£".6oo,  and  aseach  man's  money 
is  named  3  times,  therefore  ^-,  viz.  £\2OO  is  the  whole  gain — 

The  re  fore  £.&OO — ^'.120  A's,  Ji'sand  C'sgainzrr/'.SoD'sgain  ; — 
A 3     /"•  „,-» ^       /••  _u_    !>>.,    r*><,      _J    r\>^  /    m-\     A  j_ 


14.  Two  merchants  companied  ;  A  put  in  ^".40,   and  B  288 
ducats.     They  gained  £.135,  of  which  A  took  £.60.     What  was 
the  value  of  a  ducat  ? 

As   /\6o,  A's  gain  :  £-10,  his  ftock     ::  £.135,  the  whole 
gain  —  /'.6o,  A's  gain  :  £.50,  B's  gain. 

Due.    £.    Due.  s.  d. 
And,  as  288  :  50  :  :  i  :  3  5-f  Anf. 

15.  Four  men    fpent,  at  a   reckoning,  20   (hillings,  of  which 
they  agreed  that  A  fhould  pay  £,  B,  j,  C,  |,  and   D,  -§-.     What 
mufl  each  pay  in  that  proportion  ?  s.  d.      s.    d. 

f.  f.    s.  '5  °  :  9 
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Or  FellowJJiip  with  Time,  is  occafioned  by  the  fhares  of  partners 
being  continued  unequal  times. 

RULE. 

Multiply  each  man's  flock,  ar  fhare,  by  the  time  it  was  con 
tinued  in  trade.  Thtn^ 

As  the  whole  fum  of  the  produces,  is  to  the  whole  gain  or  lofs, 
fo  is  each  man's  particular  product,  to  his  particular  fliare  of  the 
gain  ©r  lofs. 

EXAMPLES. 

i.  A,  B  and  C  hold  a  pafture  in  common,  for  which  they  pay 
£.40  per  annum.     A  put  in  9  oxen  for  5  weeks  ;  B,  12  oxen  for 
7  weeks,  and  C  8  oxen  for  16  weeks.     What  muft  each  pay  of 
1  the  rent  ? 

9X5=45'    12X7=84,  and  8  Xi6z=i  28,  then  1  284.84+4511:257 

As 

*  When  the  times  are  equal,  the  fhares  of  the  gain  or  lofs  are  evidently  as  the 
ftocks,  as  in  Single  Fellowfhip  ;  and  when  the  ftocks  are  equal,  tiie  fhares  are  as  the 
time*  j  wherefore,  -when  neither  are  equal,  the  fhares  muft  be  as  their 
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As  257' 49  "45     As  357:  40;:  84  As  257  :$€>::  128 

45                84  40 

T6o  Z57)§ise( 

320  257 

t,37>  800(7                         «57)336o(i3  2550 

J799                                   257  2313 

1  790 


_4  757 

}$6c(3  123 

771  12 


1285 


25/)764(2 

a5°  75 

2.  Four  merchants  traded  in  company,  A  put  in  £.  100  for  five 
months,   B,  £.150  for  7  months,   C?  220  for  8  months,  and  D, 
£.310  for  9  months  ;  but  by  misfortunes  at  lea,  they  loft  £.145. 
What  mult  each  man  fuftain  of  the  lofs  ? 

, .        f  A,  An   17*-  81  If        C,£.4i   16,.  gi  |f 
•«r'\B,£.24  19..  2  -jo.  D,£.66  6*.  4f  ££. 

3.  A,  with  a  capital  of  £.100  began   trade  January  ill  178^ 
and  meeting  with  fuccefs  in  his  bufinels,  he  took  in  B  as  a  part 
ner,  on  the  ift  day  of  March  following,  with  a  capital  of  £.150. 
Three  months   after  that,  they   admit  C  as  a  third   partner,  who 
brought  into  flock  £.180,  and  after  trading  together  until  the  ift 
of  January  1788,  they   found  there  had  been   gained  fince  A's 
commencing  bufinefs,  £.177   13*.     How  muft  this  be  divided- 
among  the  partners  ? 

Anf.  A,  £.53  i6j.  Sd.     B,  £.67  5*.  lod.     C,  £.56  ioj.  6^. 

4.  Two  merchants  entered  into  partnerfhip  for  18   months  ; 
A,  at  firft,  put  into  flock  £.100,  and  at  the  end  of  8  months  he 
put  in  £.50  more  ;  B,  at  firft,  put  in  £.275,  and  at  4  months'  end 
took  out  £.70.     Now,  at  the  expiration  of  the  time,  they  found 
they  had  gained  £.263.     What  is  each  man's  juft  fhare  ? 

Anf.  A,  £.96  91.  6d.     B,  £.166  IQJ.  6rf» 

5.  A  and  B  companied  ;  A  put  in,  the  ift  of  January,  £.150  ; 
but  B  could  not  put  in  any  until  the  firft  of  May  ;  What  did  he 
then  put  in,  to  have  an  equal  fhare  with  A  at  the  year's  end  ?  ' 
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As  12" :    $£>  :  :  f:   '-^  -  £225  Jnf. 

6.  A,  B  and  C  companied  ;  A  put  in  the  firft  of  March,  30^. 
B}  the  i ft  of  May,  put  in  80  yards  of  broadcloth  ;  and  on  the  ift 
of  June  C  put  in  1 20  dollars.     On  the  firft  of  January  following, 
they  reckoned  their  gains,  of  which  A  and  B  took  228^.    B  and 
C  2i5/.   tOs.  and  C  and  A    187^.   iOj.      What  was  the  whole 
gain,  and  the  gain  of  each  ?  What  did  they  value  a  yard  of  cloth 
at  ?  and,  What  was  C's  dollar  worth  ? 

228/.4-215/.  icj.4-i87/.  iOj.rn63i/.  and  631-7-2:— ^15 /.  ior* 
the  whole  gain  ;  then,  315^.  lOs. — 228zr87/.  los.  C's  gain. 
315^.  lo-f.— 215^.  lOr.—iOO/.  A's  gain,  and  315^.  lOs. — iS//.  icxr. 
zzrisS/.  B's  gain.  To  find  the  value  of  one  yard  of  cloth,  fay, 
As  tOO/.  A's  gain  :  30^.  his  ftock  ::  128/.  B's  gain  :  38^.  8r. 
then,  inverf&ly,  As  10  months  :  38^  8j.  :  :  8  months  :  4^.  the 
value  of  the  whole  cloth. 

As  So  yds.  :  48/.  ::  i  yd.  :  12J.  anfwer.  Now,  to  find  the 
value  of  a  dollar.  As  fool.  A's  gain  :  30^.  his  ftock  :  :  8;£.  iCXr. 
C's  gain  :  267.  55.  then,  inveifely,  As  10  months  ;  z6L  5?.  :  :  7 
months  :  37^.  ioj.n:i2O  dollars.  Laftly:  As  120  dollars: 
37/.  iOJ.  :  :  i  dollar  ;  6s.  %d.  anfwer. 

7.  A,  Band  C    companied  and  put  in  together   igti/.     A's 
money  was  in  3  months,  B's  5  months,  and  C's  7  months  ;  they 
gained  117^.  which  was  fo  divided,  as  that  the  |  of  A's  gain  was 
equal  to  %  of  B's,  and  |  of  C's   gain  ;  What  did  each  gain  and 
put  in  ? 

Suppofe  A's  gain  was  s/.  then  mud  B  have  3^.  and  C  4*.  by 
the  queftion  :  £ \ 

£*  ("2  :  26  A's  gain. 

Then,  as  2-f-3-|-4  :  117  the  whole  gain  :  :  <|  3  :  39  B's  ditto. 

[4  :  52   C's  ditto. 

Then,  divide  each  man's  gain  by  his  time  ;  and  as  the  fum  of 
the  quotients  is  to  each  particular  quotient,  fo  is  the  whole  ftock, 
to  each  man's  particular  ftock. 

A's  ftock,  693^  2J.  zd.     B's  ftock  6237.  15^1  if<^    C's  deck 
594/.  is.  10% d.  Anf. 

FELLOWSHIP     BY     DECIMALS. 

RULE.* 

Divide  the  whole  gain,  or  lofs,  by  the  whole  ftock,  and  the 
quotient  multiplied  feverally  by  each  man's  ftock,  will  give  the 
gaip,  or  lofs,  of  each. 

EXAMPLES. 

i.  A,  B  and  C  companied,  A -put  in  40^.  £r.  ;  B,  8o/.  lOs.  and 
C,  i5i/.  with  which  they  gained  120/.  ;  What  is  each  man's 
jfaare  of  the  gain  ? 

*  This  is  no  more  than  Divifion  of  Decimals. 
X 


i  PRACTICE. 

A's  Stock  zr     40,25 
B's  ditto    =:     80,5 
C's  ditto    ~:  16  j 

Sum  total  ~  28 1,75)1 2O,OOOOOO(, 42594- 

s4259  s4259 

40,25  80,5 

21295  21295 

8518  34072° 

170366  .< . 

•  £34^8495 

£»7>14247'5  20  £68.5699 

20  — — — .  20 

5,69900 

12 


,552 


0,776000  3,104 

Proof.  A's  gain  17^.  2s.  lorf.  4.  B's  gain  34^.  5^.  SjcJ.  -j-  C*s 
gain  68/.  iu.  4|d.  —  tig/,  igj-.  11^. 

2.  A,  B  and  C  companied  ;  A  put  in  2OO/.  B,  150^.  and  C  50/1 
with  which  they  gained  Boo/.  ;  What  is  the  fhare  of  each  ? 

800—400—2;  then  200  X2rz400/.zr  A's  gain,  I5OX  2zr3OC/.—  : 
B3s  gain,  and  5OX  2znioo-zrC's  gain. 

3.  A,  B,  C  and  D  trade,  and  gain  2OO/.  which  is  to  be  divided 
in  the  following  manner,  viz.  fo  often  as  A  has  61.  B  muft  have 
10/.  C,  M/.  and  D,  2O/.     What  is  the  fhare  of  each  ? 

6  -{-  1  c-f-  144-2°—  5°j  anc*  T5r°  =^4,  quotient  ;  then  6x4—24^ 
A's  gain  ;  ioX4~4O/.  B's  gain  ;  14X4^^56  C's  ;  and  20X41=: 
8o/.  D'sgain. 

P     R     A     C     T     I     C     E,*- 

Is  a  contraction  of  the  Rule  of  Three  direfir,  when  the  firft 
term  happens  to  be  an  unit,  or  one  ;  and  has  its  name  from  its  daily 
ufe  among  merchants  and  tradefmen,  being  an  eafy  and  concife 
method  of  working  moft  queftions  which  occur  in  trade  andbuft- 
nefs. 

The  method  of  proof  is  by  the  Rule  of  Three,  Compound  Mul 
tiplication,  or  by  varying  the  order  of  them. 

Before 

*GENEB.AL     RULE. 

i.  Suppofe  the  price  of  the  given  quantity  to  be  i/.  or  u.  &c.  then  will  the 
quantity  itfelf  be  the  anfwer  at  the  fuppofed  price. 

2  .  Divide  the  given  price  into  aliquot  parts,  either  of  the  fuppofed  price,  or  of  one 
aaotbcr,  and  the  fum  of  the  quotients  belonging  to  each  will  be  the  true  anfwer  required. 

EXAM*:.*. 
C/«r  tfa  rcwinfa  oftftjs  wt(,f(e  pagt  164.] 


E. 


'•63 


Before  th.e  queftions,  hereafter  given,  can  be  wrought,  the  fol 
lowing  Tables  muft  be  perfectly  gotten  by  heart. 


TABLES. 

Aliquot,  or  even  Parts  of  Mo^ey. 

Aliquot*  or  even  Parts  ofWtigkt* 

Pts.cjajhil.  vj  a  £. 

J* 

ti  oj  a  'Pound. 
^       £• 

I'arts  (if  a  Cu<t. 
Ors.  ft      Cut. 

Crvt.    qr.           T. 

6    —  \  —  -fa 

10    o    is  ^ 

2       O    IS      j 

iO     O      is     j 

4      ZT  y   —  "To 

6     8  —  j.    ! 

i     o  —    i 

5     °     —    ? 

3    =  i  =  -6*0 

5     o   —  $ 

0   16  —    f 

4     o     —    i 

3,    m  -|-  inr-j^l"? 

4    o   —  i 

014  —    i 

2        2       -J- 

li  —  1"  —  Til) 

3     4  '  —  i 
a     6  —4 

0    7  —S 

2       0      —    T^ 

'        1  .     —     TT 

4  —  TV---T25' 

i 

8   —  ^ 

0     4  —  VT 

1     °     —  -£s 

i 

4  —TV 

7-*^.  <?/"  *  Lwt. 

Parts  of  240. 

4    TH"    96~0 

I 

3          TT 

ft        ^  Ca;^. 
28      is     i 

180         is       i 

/^arJj  o/  2  6Vzz#. 

d.              2s. 

o  10  —  ~*f 

1  4          •_         i 

120          Y 

i       is       -g-V 

8~| 

80       —       i 

0     5    —  S 

7      ^-     JL 
/                     3 

60  —  j 

2       —  —        -j-V 

0       2^  -^ 

40       —       f 

3     —      i 

Pts.of^  Cut. 

/•^rij  tj/  460. 

4     —      $ 

ft       |  Ciuf  . 

"• 

6     — 
8—1- 

14      is    { 

7X. 
4 

360     -  is      | 
i6o       —      % 

4    ~  f 

2       _'_ 

Another    T  A 

B  L  E  .of  Aliquot  parts  oj  Money. 

Par/*  ofaShiU. 

Parts  of  a  Pound. 

Parts  of  a  Pound. 

d.                    s. 

s.        d.                 £. 

s.       d.                 £. 

iO             is       | 

l8               0                 IS              T9g. 

13        4         is 

9                  "~           4 

17       6       —        4 

12          6          —            J 

8          —  -       | 

16       8       —        A 

12         0         —         -65. 

7l        -       1 

16      o      -—      T^ 

Q 

4f     .  -      * 

15       o      —        i 

76^T| 

14       o       —       —7-r>. 

6         0         —         T^ 

^    T  A  B  L 

E    £/•    DISCOUNT   per  cent. 

i|/^rce«£.iso  3 

ll 

1  O 

Sig          « 
20        s. 

2  tip  er  cent.  is  4  6 
25  .  5  o  1   § 

22                        O    D 

3?  ~                     i  ^ 

j                                   O                     a 

gO    —       D    O    .    S^ 

35  7  °  r  2s. 

61     1     g    1    «v 

f7i    3  ^      •**" 

40  8  o      If 

7!  ••  •  '   •'—    i  6  J 

20      -•  •»-     4  o^ 

45  ~  9  o      >R" 

i 

50  10  0^ 

1 6$  PRACTICE. 

CASE        I. 

When  the  price  of  \  yd.  ft,  &c.  is  an  cvfn  part  of  one  JIulling  ;-~ 
Findthe  value  of  the  given  quantity  at  is.  per  yard,  ft,  &c.  then 
draw  a  line  underneath,  and  divide  it  by  th&t  even  part t  and  the 
quotient  will  be  the  anfwer  in  (hillings,  which  muft  always  be 
brought  into  pounds. 

EXAMPLES. 

ift.   What  will  35,4^  yards  coft,  at  %d.  per  yard  ? 

s.     d. 
Il^hnrl354  °  value  of  ^^  yards,  at  is.  per  yard. 

Anf.  £o  7  4!  value  of  354!- yards,  at  ^d.  per  yard. 

Or  thus.  Or  divide  by  8  and  6,  thus,  8^354  6" 

£.  s.    d.     s.     d.  —       _ 

8)17   14  6^:354  6  6)44  3j 

*>J2     4  3J  7  4T  Anf.  as  btfort, 

7  4-|-  Anf.  as  before. 
2d.   What  will  7595  yards  come  to,  at  3^,  per  yard  ? 

s.      d. 
|3^.|]|759     9  value  at  is.  per  yard. 

2|o)i8J9  n|         Or  thus,  |3^.|||37   19     9  value  at  is.  per  yard* 
An/.  £99  n|  value,  at  %d.     Anf. £9     9  n|  value   of  759!  yards 


•         jfC 

Quejlions. 

_^  U.f  U.. 

Anfwtrs. 

« 
Quejtions. 

JU-.    ^/C/    JffAlU,. 

Anfzverf. 

Yds. 

f.  s.     d. 

Yds. 

£.s.    d. 

3d.    642    at  Id.peryd7o  13    4-*- 

7th.  685!  at  2^.  - 

5  '4  3i 

4th.  918^  —  \d.    - 

i    18    3| 

8th.  475!  —  4^.  - 

7  18  5 

£th.  739!.  —  id.    - 

—  3     i    74 

9th.  913^  —  6rf.  - 

—  —  22    l6    9 

6th,  567  A  __  iid.  - 

—  3  *onj 

CASE  II, 

[Conclujimi  »j  the  note  begun  -page  162.] 

Ex  AMPL 5.     What  is  the  value  of  468  yards,  at  2j.  9^.  per  yard  ? 
£468  J.    d.         Anfwer  at  £\  s.  d. 

zs.  6d.  is    i  r=  58  10  o  ditto  at    o  2  6 

$d.  w_<j.=     5  17  o  ^i//0a<     003 

Jtd.is.faz5    099  ditto  at    o  o  oj 

The  foil  price  ==^64  16  9  o  2  9J 

In  this  example  it  is  plain  that  the  quantity  468  is  the  anfwer  at  i/. ;  confequent- 
ly  as  »s>  6d,  is  |  of  a  pound.  ^  part  oi  that  quantity,  or  58/.  ics.  is  the  price  at 
>/.  Gd.  ;  in  like  manner,  as  gd.  is  tke  J_  part  of  zs.  6d.  fo  Tx—  part  af  58/.  1OJ.  or 
5/.  i7j.  is  the  anfwer  at  3^.  and  as  ±d.  *i&  JL.  of  3^.  fo  _1_  of  5/.  iyj.  or  gs.  $d.  is 
the  anfwer  as  \d. — Now,  the  fum  of  all  ihefe  parts  is  equal  to  the  whole  price 
(zs.  gi«f.)  fo  the  fum  of  the  anfwers  belonging  to  each  price  will  be  the  anfwer  at 
the  fuil  price  required,  and  the  fame  will  be  true  in  any  example  whatever. 


P      R      A      C      T      I 


CASE      II. 

When  the  price  is  pence,  and  no  even  part  of  a  /Iiilling  ; — Find  the 
value  of  the  given  quantity  at  is.  per  yard  ;  divide  the  pence 
into  aliquot  parts,  for  di\>ifors,  and  the  fum  of  the  quotients  arif- 
ing  from  them,  will  be  the  anfwer. 

EXAMPLES. 

ift.  What  xvill  487-1-  yards  come  to  at  $d.  per  yard  ? 
£.     s.    d. 
24     7     6  value  of  $-^ yards,  at  is.  per  yard. 


6     i    iCXi  value  of  ditto,  at  $d.  per  yard* 
413    value  of  ditto,  at  zd.  per  yard. 


Anf.  £.10 

Qiieftions.  Anfw  ers. 

~  Yds.  £.    >.      d. 

ad.    568!  at  yd. 16   11      5! 

3d.    683!  —  Sd. 22   15   10 

4th.  912*— 9^. 34     4     4-i- 


li  value  of  ditto,  at  $d.  per  yard. 

Que /iions. 

'  "Yds. 

5th.  649!  at  lOrf.- 
6th.  745|  —  ud. - 


Anfwers. 

£.<.d 

27  i  of 

34  3  71 


CASE       III. 

When  the  price  is  pence  or  farthings,  and  an  iven  part  rf  a  pound, 
Cut  oiF  the  right  hand  figure  of  the  given  quantity,  and  the  cy 
pher,  in  the  aliquot  part,  (if  it  has  one)  and  divide  by  the  re 
maining  figure  or  figures.  When  you  come  to  the  remainder, 
double  it,  and  divide  as  before.  The  anfwer  will  be  pounds, 
fhillings,  &c.  If  there  be  no  cypher  in  the  divifor,  then  none 
fhould  be  cut  off  from  the  dividend. 
d.  d. 

1 1 1  T£V  I  3795ft  at  jrf.  |  \  (^  |  3795  yds.  at  $d. 

96—8  x  1 2)379(5  48^:6x8)37915 


8)31   12  6 
nf.  £3   19  oj 


6)47     S  9 
Anf.  £7    18   , 


d. 
I  i  1  rfw  I  SlMfds. 


d. 
s4=4X6)379l5 


4)47    8  9 
Anf.£ii  17  2} 


4)63     5 
Anf.  £*$   16  3 


I'il 


166 
d. 


R       A 

.  **  * 


E. 


4)94  '7  6 


12  6 


£47  8  9  Anf- 


£63  5 
1  87915  .?*• 

£126    I 


I10  UV  I  3795  yds. 
24=z4X  6)3795 


CASE      IV. 

When  the  price  is  between  one  and  two  fliittings  y— Find  the  value 
of  the  quantity  at  IT.  per  yard,  &c.  which  value  being  divided 
by  thoje  even  parts  which  the  pence  are  of  is.  and  the  quotient 
or  quotients,  ariling  therefrom,  added  thereto  ;  the  fum  will  be 
the  anfwer. 

EXAMPLES. 

ift.  What  will  7584-  yards,  at  is.  gdt  per  yard,  come  to  ? 
£.     *.    d. 


6d. 


18  6    value  at  is.  per  yard. 

19  3    value  at  6d.  per  yard. 
9     7-1.  value  at  $d.  per  yard* 


An/.  £66       7     4*.  value  of  ^S^  yds.  at  is.  yd.  per  yard. 


QueJKons.  Anfwers. 

Yds.  £.s.    d. 

ad.  987-1-31  i2±d.  51  8 
3d.  793  —  i2±d.  42  e 
4th.  «47|.— 15.  id.  4, 


7  1 
6 


5th.  686^—  is.i^d.  38  12  7 

6th.  591!—  u.  arf.  34  9  9 

7th.  5734—^.  3^.  35  16  10 

8th.  846—1^.  4rf.  6  8  8 


Qu^lions. 

Yds. 

9th.  647|at  1^5^. 
loth.  896^  —  u.6^. 
nth.  458  —  is.  yd, 
12th.  964  —  >ij.&/. 
13^.  75H  — 
I4th. 


An/wcrs. 
£.  s.  d. 
45  17  7! 
67  4  4-f- 
36  5  2 
80  6  8 
.  68  19  7 
.  62  5  4! 

CASE  V. 
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CASE      V. 

When  the  price  is  any  even  number  of  Jhillings  under  40  ; — Multi 
ply  the  given  quantity  by  half  the  price,  and  double  the  firft 
figure  of  the  produft  for  {hillings.  The  reft  of  the  produft  will 
be  pounds. 

N.  B.  If  the  price  be  2s.  you  need  only  double  the  unit  figure 
for  {hillings.  The  other  figures  will  be  pounds. 

EXAM   P   L   E   s. 

ift.  What  will  746  yards  cofl  at  2s.  per  yard  ? 
746 

Anf.  £74  12  value  at  2J.  per  yard. 

Note.  The  above  is  done,  by  faying,  twice  6  (the  unit  figure) 
is  J2.     The  other  figures,  viz.  74,  are  pounds. 
2d.  What  will  567!^^.  at  2J-.  per  yard  come  to?  Anf.  £56  15/6. 
N.  B.  Before  1  double  the  unit  figure,  viz.  7,  I  conlider  that 
|  of  a  yard,   at   2.r.  per  yard,  will  amount  to  is.  6d.     Then  I 
double  7,  which  makes   14.?.  and   is.   6d.  added,  makes   15.?.  6d. 
The  other  figures  are  pounds. 

Queftions.  Anfaers. 

Yds.  £.     s.     d. 

3d.    129-iat    ^s.  per  yard.    25     18     O 

4th.    697    —    6i.   209       2     o 

5th.    845    —    8j.  .  338       o     o 

6th.    9175  —  JOT.  458     12     6 

7th.    5281.—  i2J. 317       2     o 

8th.    646^ —  14*.  452     14     6 

pth.    591    —  i6s.  472      ib     o 

i©th.    845.1—  i8j.  760     19     o 

.nth.    645^  —  24*.  774       60 

CASE       VI. 

When  the  price  wants  an  even  part  of  zs. —  Firfl  find  the  x'alue  of 
the  whole  quantity  at  zs.  per  ft,  yard,  &c.  then  divide  it  by  that 
even  part  which  is  wanting,  and  fubtraft  this  quotrent  from  tho 
value  at  2s.     The  remainder  will  be  the  anfwer 
EXAMPLES. 

i.  What  will  95-f-  yards  cofl  at  zzd.  per  yard  ? 

£•    '•      * 

Izd.  \  JLy  I  9     11       o  value  at  zssper  yard. 
Jo     15     n  value  at  zd.  per  yard. 

Anf.  £%     15       i  value  at  is.  iQd.  per  yard. 


Queftions*  Anfwers. 

Yds.  £     s.    d. 

2d.     64   at  23^.  per  yd.  628 

3d.  128  —%2%d.  12     O  o 

4th, 246^—  aid,    —  aj  xi  4^ 


Ouejlions.  An/wers. 

" 


Yds. 


5th.  375!  at  2Qd.per.yd.  3155 

6th.  486   —  i8d.  -    36  9  o 

7th,  754  —  rfd,  -    5°  5  4 

CASE  VII. 


*58  PRACTICE. 

CASE        VII. 

When  the  price  is  between  21,  and  31* — Firft  find  the  value  of  the 
quantity  at  aj.  per  yard,  &c.  which  value  being  divided  by  thofe 
evenpartSj  which  the  pence  are  of  zs.  and  thofe  quotients  added 
thereto,  the  fum  will  be  the  anfwer. 

EXAMP     LES. 

ift.  What  will  148^  yards  come  to  at  21.  jd.  per  yard  ? 

s.    d. 

14  17  o  value  at  zs.  per  yard. 
296  ditto  at  4^.  per  yard. 
i  1 7  i  :|  ditto  at  %d.  per  yard. 


Anf.  £19     3  7^  value  at  21.  yd.  per  yard. 

Queftions.  Anfuers. 

"  Yds.  £.  s.     d. 

fid.    266^  at  zs.  id.  per  yard.  27  14     8| 

3d.    344     —  zs.  \\d.  -  36  ii     o 

4th-  543|  —  2J.  zd.    --  58  17     7 

5th.  655i-  2j.  3</.    -  73  15     5J 

6th.  716    —  2j.  ^d.    -  83  IG    8 

7th.  813    —  2s.  $d.    -  —  98  4     9 

CASE         VIII. 

When  there  are  pence  in  the  price  znhich  are  an  even  part  of  a  /hilling^ 
befides  an  even  number  ofjhillings  under  20  ,-  Firft  find  the  value  of 
the  quantity  at  the  (hillings  per  yard,  &c.  according  to  Cafe  5th  ; 
then  fuppoie  the  quantity  to  ftand  as  Shillings  per  yard  ;  divide 
it  by  that  even  part,  which  the  pence  are  of  is.  and  this  quotient 
being  added  to  the  value  before  found,  the  fum  will  be  the  an 
fwer. 

EXAMPLES. 

i  ft.  What  will  156-!  yards  come  to,  at  6s.  ^d.  per  yard  ? 
Yds. 


J.    d.  3 

156  6 

__     £"46  190  value  of  is6|-  yards  at  6s.  per  yard, 
52*.  zd,  zr:  2  12  2  value  of  ditto  at  %d.  per  yard. 

Anf.  £  49  112  value  of  ditto  at  6s  ,  4^,  per  yard. 


PRACTICE.  169 

Queftions.  Anfwtrs. 

Yds.          s.    d.  £.    s.      d. 

2d.    17!-  at     4     I    per  yard.       3     10     8£ 

3^    59l  ~    6  i l8  2  !* 

4th.  68|  —    8  i  27  11  8| 

5th.  96    —  10  i.|.  — 48  12  o 

6th.  67!  -*  12  2  41  i  3 

CASE       IX. 

the  price  is  any  odd  number  of  fallings  under  40  ;  Find  the 
Value  of  the  greateft  even  number  contained  in  the  price,  accord 
ing  to  Cafe  jth,  and  add  thereto  the  value  of  the  quantity  at  is. 
per  yard,  &c.  which  fum  will  be  the  anfwer  :  Or,  Multiply  the 
quantity  by  the  price,  according  to  the  i  ft  or  ad  Cafe  in  Simple 
Multiplication,  and  divide  the  produft  by  20,  the  quotient  will 
be  the  anfwer  :  Or,  laftly,  if  the  price  be  under  13*.  find  the  val 
ue  of  the  quantity  at  i  s.  per  yard,  &c.  and  multiply  it  by  the  num 
ber  of  {hillings  in  the  price  of  i  yard  ;  the  produd  will  be  the 
anfwer. 

EXAMPLES. 

ift.  What  will  186  yards  coft,  at  31.  per  yard  ? 

£.  s.  Or  thus. 

18  12  value  at  zs.  per  yd.  £.  s. 

9       6  ditto  at  is.  per  yd.  9    6  value  at  is.  per  yard* 

£27     18  Anf.  

.  Product  £27  18  Anf. 

ad.  What  will  647  yards  coft,  at  17*.  per  yard  ? 
8 

£"517   12  value  -at  \  6:r.  per  yard. 
32     "i  ditto  at     is.  per  yard. 

Anf.  £549  19  ditto  at  i"js.  per  yard. 


Queftions.  Anfw-trs. 

Yds.       s.  £.  s.  d. 

3d.    1691  815^^.42  6  3 
4th.  2481-7  87  i  3 


QjAtftions.  Aiifwers. 

~   Yds.      3.  £.    s.  d. 

5th.  139  at    9 62   11   o 

6th.  782  —  25  —  977  10  o 


CASE        X. 

When  the  price  is  an  even  part  of  a  pound  ;  Find  the  value  of  the 
given  quantity,  at  orie  pound  per  yard,  &c.  then  draw  a  line  un- 
derneathj  and  divide  it  by  that  part  j  the  quotient  will  be  thean- 
fwer» 

Y  EXAMPLES, 


PRACTICE, 
EXAMPLE   s. 

ifl.  What  will  156^  yards  of  cloth  come  to,  at  &,  4^.  per  yard.? 
J.  d.          £.    s.  d. 
!  3  4  I  T  I  !56  15  °  price  at  il.  per  yard. 


AnJ.  £26     2  6  price  at  3*.  ^d.  per  yard. 


Queftions.  Anjiotrs. 

Yds.     s.d.  £.   s.  d. 

fid.  5i6|ati  o  per  yd.  25   16  9 

3d.  624   —i  3 39    o  o 

4th.7iq|~i  4-: —  47  19  4 

5th. 648   —18 54    o  o 

ith.  4191—26 53     9  4*. 


Anfwers, 


£. 

8 


Quejlwns. 

Yds.       s.  d. 

7th.  429!  —40 

8th.  687,1-    50 

9th.  843    —   6  fr 

icth.  486!  —  10  O 243     7 


5    17   O 

171:  17  6 

281       O  O 


CASE 


XI. 


the  price  wants  an  even  part  of  a  pound  ;  Firft  find  the  val- 
ne  of  the  given  quantity  at  il.  per  yard,  &c.  then  divide  it  by  that' 
•even part  vf\\\ch  is  wanting,  and  fubtraft  this  quotient  therefrom  ? 
the  remainder  will  be  the  anfwer. 

EXAMPLES. 

ift.  What  will  167!  yards  coft,  at  17*.  6rf.  per  yard  ? 
y.  d.  £.     s.   d~ 

I  a  !^  J  J  f  167    lOo  value  at  il.  per  yard. 

20  18  9  ditto  at  2s.  6d.  per  yard. 

ii  3  value  at  17^.  6d.  per  yard. 


Quejlions.  Anftvers. 

Yds.       s.  d.  £.     j."  d. 

sd.  347!  at  13  4pcryd..2$i   13  4 

3d,  485^-  1^5  o  ^ 364     6  3 

CASE 


Quefticns. 
"  Yds.       s.d. 
4th.  614   —  160- 
5th.  91  z|  —  17  6- 

XII. 


£.  s.  d, 
491  40 

798  4  4$ 


When  the  price  is  JJiillings^  pence  and  farthings,  and  not  an  even  part 
^f  a  pounds  Multiply  the  given  quantity  by  the  {hillings  in  the 
price  of  i  yard,  &c.  and  take  parts  of  parts  from  the  quantity 
for  the  pence,  &c.  then  add  them  together,  and  their  fum  will  be 
the  anfwer,  in  {hillings,  &c.  Or,  you  may  let  the  given  quantity 
ftand  as  pounds  per  yard,  &c.  then  draw  a  line  underneath,  and 
take  parts  of  parts  therefrom  ;  which  add  together,  and  their 
fum  will  be  the  anfwer. 

•W.  B.  I  advife  the  learner  to  work  the  following  examples 
both  ways,  by  which  means  he  will  be  able  to  difcover  the  moft 
concife  method  of  performing  fuch  queftions,  ifl  bufinefs,  as  may 
fall  under  this  cafe 

i.  What 


PRACTICE 

sit.  What  will  248!  yards,  at  js.  6d.  per  yard,  come  to? 
d.  s.     d. 

•J-6.J  f  |  248  6  value  of  z^^-yards,  at  is.peryard. 
7 

J739  ^  value  of  ditto  at  7?.  per  yard. 
124  3  value  of  ditto  at  bd.  per  yard* 

2]o)i86j3  9 
•dnf'  £93  3  9  value  of  ditto  at  js.Gd.  per  yard* 

Or  thus, 
d.          £.     s.    d. 

I  6  |  -|- 1  1 2     8     6  value  of  248% yards,  at  is,  per  yard. 
Multiply  by  7 

86  ig     6  value  of  ditto  at  j-s.  per  yard. 
6     4     3  value  of  ditto ,  at  tod.  per  yard. 


3     9 


r.d. 


2  6 


By  the  latter  part  of  this  cafe, 

t 


£.     s.  d. 
|     248  10  o  value  of  2481.  yards,  at  il.  per  yard, 


62 
3' 


2  6  value  of  ditto,  at  $s.  per  yard. 

i  3  value  of  ditto,  at  2s.  6d.  per  yard. 

3  9  value  of  ditto,  at  ^s.  6d.  per  yard. 


Queflions.                  Anfuers. 
Yds.       s.  d.            £.    s.    d. 
sd.     68|at    4    6  per  yd.  15     8     3 
3d.   124  —    58  35     2     8 
.4th.  146  —   14    9  107  13    6 

Qntflions. 
Yds.       s.    d. 
5th.  *i8£  a*  12     6 
6th.  64,5   —  4     i£ 

Anfwers.. 
£.     s.   d. 
i  36     ii     3 
133      o     74 

CASE 

When  the  price  of  the  yard,  ft,  £?c.  is  pounds,  Jkillings  and  pence : — . 
Firft,  multiply  the  quantity  by  the  pounds,  and  if  the  (hillings 
and  pence  be  an  even  part  of  a  pound,  divide  the  given  quanti 
ty  by  that  part,  and  add  the  quotient  to  the  produft  for  the  an- 
fwer.  But  if  they  be  not  an  even  part  of  a  pound,  you  muft 
take  parts  of  parts,  and  add  them  together  as  before.  Or,  reduce 
the  pounds  and  (hillings  into  fhillings,  and  multiply  the  quanti 
ty  thereby,  after  which,  take  parts  for  the  pence,  and  add  the 
whole  together,  and  their  fum  will  be  the  anfwer  in  {hillings,  &c. 

N.  B,  The  learner  fhould  work  the  following  qucftions  both 
•way  s,  E  x  A  M  P  L£  «« 


R 


E. 


ExA 


MP     LKS. 


What  \vill  156  yards  of  broadcloth  come  to,  at  3/.  6s. 


per  yard  ? 

£.   s.  d. 

\6J  8|i.|  156  o  o  value  at  \l. 
3     per  yard. 

468  o  o 
52  o  o 


Or  thus. 
d.          s. 

4  I  -i-  1  156  value  at  is.  per  yard. 
4  |  -|  I    bSJhillings  in  the  price  of  i  yd. 


Anf.  £520  O  O 


10296  value  at  %l.  6s.  per  yard. 
52 
52 


2  JO)  I040|o 


Queftiens.  Anfwers. 

Yds.     £.  s.  d.  £.     J.  d. 

sd.  345^  at  6  5  o  per  yd.  a  \  59  7  6 
3d.  59|  —  3  6  8  -  199  3  4 
4th-  75—534  -  387100 
,§th.  68  —  460  -  292  8  o 


o  o  Anf. 

(hicflions. 


Jfds.  £.s.d. 
6th.  59  —  6  7  6 
7th.  112^  —  388 
8th.  125  —  497 


Anfwers. 
£.     s.  d. 
376     2     6 
386     5    o 
559  17  n 


CASE       XIV. 


When  the  quantity  is  any  number  lefs  than  1000,  and  the  price  not 
more  than  \zd.per  yard^  &c.  —  Find  the  value  of  the  whole  quan 
tity  at    id.  per  yard,  \vhich  may  be  done  by  dividing  it  by  12, 
mentally^  letting  down  the  quotient  only  in  pounds,  or  fhillings, 
or  both.     Then  multiply  this  fum  by  the  pence  in  the  price  of 
i  yard,  and  the  produft  will  be  the  anfwer. 
i.  What  will  759^  yards  eoft,  at  yd.  per  yard  ? 
£.  s.  d. 
o  63  3-|  value  at  id.  per  yard. 


3  31  value  at  id.  per  yard, 
7 


Or,  3 

Mult,  by 


Anf.  £2.2  3  of  value  of 

Queftions.  Anfwers. 

.  Yds.       d.  £.   s.  d. 

2d.    975!  at  2  per y-d.  827 

gd.   846"— 3i 12     6  9 

4th.  793|  —  4l 15  M  2i 

CAS 


j,  a£  -jd.  per  yard. 

Queftions.  Anfwtrs* 

Yds.         d.  £.    s.  d. 

5th.  684    —5! 15   13  6 

6th.  9841.  —  6| 27  13  9! 

7th.  440^  —  9   — —  16  10  4-f 

E       XV. 


When  the  price  is  fuch  a  number  offkillings  and  pence,  as,  when  re 
duced  into  pence,  may  be  produced  by  any  two  numbers  in  the  multiplica 


p 


E. 


tion  table,  and  when  the  quantity  does  not  exceed  1000  ; — Firft  find 
the  value  of  the  whole  at  id.  per  yard,  &c.  according  to  the  lad 
cafe  ;  then  multiply  this  fum  by  the  component  parts  of  the 
pence  in  the  price,  and  the  lafl  product  will  be  the  anfwer, 

EXAMPLE   s. 

ift.  What  will  4394-  yards  coft,  at  6s.  9^.  per-yard  ? 
£.    s.      d.    ' 
i     16       7-i-  value  at  id,  per  yard. 

9 


Anf.  £"148       6       71.  value,  at  8  id.  or  6s.  gd.  per  yard. 

N.  B.  In  6*.  9^.  there  being  81  pence,  I  multiply  by  9  twice, 
becaufe  9  times  9  is  81. 


Que /lions.  An/zucrs. 

Yds.      s.d.  {.    s.    d. 

td.gS^^ati   zp'ryd.    57     8     7 

3d.  8491  — 2  8   113     6     o 


Queftions. 

Yds.  s.  d. 
4th.  657  —  3  6 
5th-  593  —  4  8 


Anfwers. 
£.      s.   </, 
114     19    6 
138      7     4 


CASE      XVI. 


When  the  quantity  is  240  ;  As  many  pence  as  there  are  in  the 
price  of  i  yard,  &c.  fo  many  pounds  will  the  quantity  amount  to. 

N.  B.  One  farthing  per  yard  will  come  to  5^.  at  a  halfpenny 
per  yard  to  lor.  and  at  three  farthings,  to  15^. 

EXAMPLES. 
ift.  What  will  240  yards  come  to,  at  2s.  fed.  per  yard  ? 


N.  B.  The  price  is  zs.  J±d.  per  yard.  Now,  as  in  2s.  ^d.  there 
are  31  pence,  fo  the  quantity  being  240  comes  to  31  pounds. 
Then  according  to  the  fame  rule,  the  halfpenny  per  yard  comes 
to  iOs.  Therefore  the  anfwer  to  the  queflion  is  31^.  10^. 


One/lions.  Anjwtrs. 

Yds.     s.  d.  £.   s.  d. 

2d.   240  at  i   Jzpzryd.  19  15  o 

3d.   240—2  9    - —    33  oo  o 

4th.  240  —  3  4    — —    40  oo  o 


Oueftions. 

~  Yds.  s.  d. 
5th.  240  at  7  8-t 
6th.  240 —  8  3| 


Anfwtrs* 
£.  s.  d. 
92  10  o 

99  15  o 


CASE       XVII. 


When  the  quantity  is  not  Ufs  than  228,  nor  more  than  252  ;  —  Firft 
find  the  value  of  240  yards,  &c.  by  the  laA  Crfe  ;  then  multiply 
the  price  of  i  yard  by  the  number  ahvs  s>r  ?,'?:;^r  240,  and  add  or 

fubtract 


*74  P      R      A      C      T      1       C      E. 

fubtraft  this  product  to  or  from  the  value  of  240  yards,  as  tHe 
queflion  may  require  ;  and  the  fum  or  remainder  will  be  the  anfwer. 

EXAMPLES. 

ift.  What  will  248  yards  come  to,  at  i6s.  5!^.  per  yard  ? 
£.       s.     d. 

197     iO     o  value  of  240 yards. 
a6j.  5|-d.  multiplied  by  8  ±z  6118  value  of     8  yards. 


Queftions. 


Anfzvers* 


1     8  value  of  2 48  yards. 

ad.  What  will  229  yards  coft,  at  5-f.  $ld.  per  yard  ? 
£.     s.     d. 

69     15       o  value  of  240  yards. 
$s»  g$d.  mult,  £y  1 1  n:  3      Si1!  value  of    1 1  yards. 

Anf.  £66    11     o|  value  of  229  yards. 

Yds.        s.   d.                 £.  s.  d. 

gd.     228     at  6  lo^ycr yd.    78  7  6 

4th.    252    —4    6     $6  14  o 

5th.    230    —  9    8f  in  17  8£ 

6th.    251!.— 3  io±  48  14  6i 

7th.    231^  —  8     2     94  8  6-i- 

L  8th.    250   —  5     9!  72  2  8^ 

CASE       XVIII. 

When  the  quantity  is  480  ; — Find  the  value  of  240  yards,  &c. 
by  Cafe  the  i6th,  and  multiply  this  fum  by  2.  The  produft  will 
be  the  anfwer. 

N.  B.  If  the  quantity  be  12  over,  or  under  480,  proceed  ac 
cording  to  tlie  directions  given  in  the  laft  cafe. 

EXAMPLES. 

ift.  What  will  480  yards  coft  at  2s.  g±d.  per  yard  ? 
£.     s.     d. 

33     10     O  value  of  240 yards. 
Multiplied  by  2 


Anf.  £6j       o     O  value  of  480  yards. 


1"- 

fs 


ad.  What  will  468  yards  come  to  at  5^.  8|^.  per  yard  ? 
s.    d. 
10    o  value  of  z^oyards. 

2 


137    oo     o  value  of  480 yards. 
Su&tratt      386  value  of   12  yards 


3d,  What 


PRACTICE. 

What  will  492  yards  come  to,  at  3*.  8|cJ.  per  yard  ? 

£•     •*•     d- 

44     15     o  value  of 240 yards. 


89     IO     O  value  of  480  yards. 
Add    2       49  value  of    12  yards. 

Anf.  £qi     14     9  value  of  492  yards. 

N.  B.  Any  perfon,  who  is  expert  in  figures,  may  find  the  vaJ» 
\ie,  mentally,  of  480  yards,  almoft  as  eafily  as  240,  it  being  noth 
ing  more  than  doubling  the  amount  of  24Q. 

Yds.       s.    d.  £.       s.     d. 

'4th.  469  at  6     g^  per  yd.  159 
5th, 


Quejlions. 


6th 

7th 

.8th 


.46931  6     g^peryd.  159  5  3|"1 

.  470  —  3     4-|  79  l6  °¥  I 

.471—5     3!  124  12  4-*-  \Anjwtrs 

.472  —  4     9     •     112  2  o    1 

.483  —  8101—     214  16  8|  J 


CASE      XIX. 

Whtn  the,  quantity  is   160  : — Find  the  value  of  480  yards,  and 
divide  it  by  3.     The  quotient  will  be  the  anfvver. 

Note.  If  there  be  12  yards  over,  or  under,  160,  proceed  as  be 
fore  direfted. 

EXAMPLES. 

ift.  What  will  160  yards  come  to,  at  31.  $\d.  per  yard  ? 

£.    s.    d. 
Divide  ^3)81     o     O  value  of  480 yards. 

Anf.  £<2.j     o     O  value  of  i£o yards. 

sd.  What  coft  148  vards,  at  4^.  ad.  per  yard  ? 

£.     s.   d. 
Divide  by  3)100     o     o  value  of  480 yards. 

33     6     8  value  oj-  160  yards. 
Subtract    2   IO     o  value  of    12  yards. 

Anf.  £30  16     8  value  <?/"  148  yards. 

,gd.  What  will  172  yards  amount  to,  at  5*.  y%d.  per  yard? 

£.        s.     d. 
Divide  ^3)135     10    o  value  of  480 yards. 

45       3     4  value  of  160  yards* 
Add      379  value  of   12  yards. 

it     i  **fat of  iy 2 yards t 


i76 


Ouejlions. 


R 


C 


I 


E 


Yds.      s.    d.                      £.  s.  d. 

r  4th.   149  at  12  6i  per  yard.      93  8  8-t 

,Sth.   150  —38    27  io  o 

6th.   166—  12  8    « 105  2  8 

7th.  152-     5  2j  39  14  10 

8th.  153—     63    47  16  3 

Lgth.  171—     79    66  5  3 

CASE         XX. 


Anfwtn* 


When  the  quantity  is  120  ;  Firfl  find  the  value  of  240  yards, 
then  divide  it  by  2,  and  the  quotient  will  be  the  anfwer. 

Note.  If  there  be  12  over,  or  under,  120,  proceed  as  before  di- 
reded. 

EXAM   P   L   E    s. 

ift.  What  will  120  yards  coft,  at  31.  74^.  per  yard  ? 

/.  s.  d. 
Divide  by  2)43  10  O  value  of  2$O  yards. 

AnJ.  £21    15  o  ditto  of  1  20  yards. 
sd.  What  will  108  yards  come  to,  at  4*.  fd.  per  yard  ? 

£.  s.  d. 
Divide  by  2)55     O  o  value,  of  2  40  yards. 

27   10  O  value  of  120  yards. 
Subtract  2   15  o  ditto  of    12  yards. 

Anf.  £24   15  o  value  of  108  yards. 
3d.  What  is  the  value  of  132  yards,  at  4*.  3-!-  per  yard  ? 

£  .  j.  rf. 
Divide  by  2)51   10  o  value  of  240  yards. 


25  15  o 
Add  2116 


1  20  yards. 
of   12  yards'. 


Queflions, 


Anf.  £28     66  value  of  \  32  yards. 

Ydt.  s.  d.  £.     s. 

4th.  109  at  3  9|-  per  yard.  20  13 

5th.  no  —  43 

6th.  125  —  15  7 

7th.  112  —  49 

8th.  113  —  56 

9th.  130  —  64 

CAS 


31 
6 


When  the  quantity  is  $oyards9  £?c.     One  third  part  of  the  value 
:  24.0  will  be  the  anfwer, 

N.  B.  If 


RA 


E. 


JV.  B.  If  there  be  12  over,  or  under,  proceed  as  before  dire£b 
ed  ;  except  when  the  quantity  is  found  in  the  Multiplication 
Table  ;  for,  then,  Cafe  the  ad.  of  Compound  Multiplication  will 
be  more  concife  ;  or,  when  the  price  is  an  even  part  of  a  pound, 
Cafe  iOth  of  Pra6ticej  is  to  be  preferred. 

EXAMP    LES. 
ift.  What  cofi  80  yards  of  cloth,  at  ys.  g^d,  per  yard  ? 

£.  s.     d. 
Divide  by  3)93   15     o  value  of  2.40  yards. 

Anf,  £31     5     o  ditto  of  80  yards. 
sd.  What  will  68  yards  coft,  at  4-r.  gid.  per  yard  ? 

£.   *•     d. 
Divide  by  3)57   15-    O  value  of  2  40  yards. 


19     5 

Subtract   2   1  7 


o  value,  of    80  yards. 
9  value  of    12  yards. 


Anf.  £16     7     3  value  of  68  >  yards. 

3d.  What  will  92  yards  coftj  at  6s.  qd.  per  yard  ? 
£.    s.    d. 

Divide  fy  3)76     o     o  value  of  2  40  yards. 


Add 

25 
3 

6     8 
16    o 

value  of    80  yards, 
value  of    12  yards. 

value  of   92  yards. 

d.                      f  '.  s.  d. 
1\  per  vard.  36    13    i-£" 

7i  —  —  12  »5  2i 

5J  r-       J  o      f 

Wiitfrj 

Anf.  £29     2     8 

Yds.      s. 
r  4th.  69  at   10 
1  5th.  70  -      3 

QueJ}ions.\  6t^  J1  "       | 
j  yth.   84  —   16 

/  8th.  86  -  14 
^  9th.  90—2 

C     A 

When  the  quantity  is  60  y 

lo   J3  7      J 

1Q              ,        7O      14     O         i 

9      63    8  6 

9                                        T  /•»         PT     n     a 

J"     7  u 
S     E         XX  i  I. 

arafj1,  ^c.     One  fourth  of  the  value  of 

240  will  be  the  anfwer. 

Note.    If  there  be  12  over,  or  under,  proceed  as  before  direcV 
ed,  and  obferve  the  exception  made  in  the  lafl  cafe. 

E,X    A     M     P     L     E     S. 

ift.  What  will  60  yards  of  cloth  cofl,  at  gj.  9!^.  per  yard  ? 

£.  s.    d. 
D  ivide  ^74)45   15     o  value  cf  2  4  o  y  n  rds. 


8 


9  value  cf  60  ya- 
Z 


37s  PRACTICE. 

2d.  WThat  will  48  yards,  at  4*.  $\d.  per  yard,  come  to  ? 

Divide  by  4)53   10     o  value  of  240 yards. 


13     7     6  tW^e  of    60  yards, 
Subtract    2    13     6  value  of     12  yards. 

Anf.  £iO  14     o  value  of    48  yards. 
3d.  What  will  72  yards  eome  to,  at  55.  4-fd.  per  yard  ? 

*f  •  •*•     d- 
Divide  by  4)64  10     o  value  of  Z^Q  yards. 


1  6     2     6  value  o/   60  yards. 
Add    346  value  of    1  2  yards. 


Anif.  £19     7     O  value  of  7 2  yards. 

Yds.        s.     d.  /.    j.  d. 

("4th.  49  at     6  iQi  per  yard.   16   16  io| 

I  5th.  50  —     9    4      23     6  8 

J  6th.  51  —  10    3      26     2  Q 

<  7thi  g6  _     6    «      21   14  -6 

j  8th.  69—17     5      60     i  9 

l_9th.  70  -     9     3     32     7  6  _ 

CASE        XXIII. 

When  the  quantity  is  180  ;  Three  fourths  of  the  value  of  240 
will  be  the  anfwer. 

EXAMPLES. 

ift.  What  will  180  yards  coft,  at  51.  5^.  per  yard  ? 


£.  s. 

}6c  TO 


d. 


Divide  by  2)65   10     o  value  of  2 40  yards. 

Divide  by  2)32   15     o  value  of  120 yards. 
16     7     6  va/wc  o/"    60  yards. 


Anf>  £49     2     6  value  of  i%o yards. 

Yds.        s.  d.                    £.     s.  d. 

-ad.    180  at     3  9!  per  yard.   33  18  9 

3d.    180  -     4  9$    43     2  6 

4th.  180  —64!    57  11  3 

5th.  180  —    73      65    5  o 

6th.  180  —    8  9f   -. 79     2  6 

yth.  180  —  13  9!   124     2  6 

CASE        XXIV. 


Anftaers, 


When  the  price  of  one  hundred  weight  is  offeveral  denominations,  and 
likewifc  *  Multiply  th«  price  by  the  integers,  (that  is 

the 
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the  "whole  numbers)  and  take  parts  for  the  reft  from  the  price  of 
an  integer  ;  which,  added  together,  will  be  the  anfvver. 

E 


X    A    M    P     L    E    S. 


ift.  What  will  gCzvt.  $qrs.  14^  of  fugar  come  to,  at  4^. 
per  Cwt.  ? 


qrs 

.  ft 

£• 

j.    d. 

I2 

0 

1 

4  i 

7     4 

price 

of  i  Cwf. 

u 

o 

i 

9 

|o 

14 

i 

Cwt. 

qr. 

ft 

43 

16    o 

price 

sf 

9 

0 

o 

2 

8     8 

price 

# 

o 

2 

o 

I 

4    4 

price 

*/ 

o 

I 

o 

0 

12       2 

price 

of 

o 

o  14 

Anf.  £48 

1       2 

price  of 

9 

3  H 

C 

tut  ar 

r.  ft 

r 

.  s. 

d. 

£- 

s.     d. 

~2d. 

8  i 

16  Tobacco, 

at  5 

17 

9, 

ber  ( 

'ayf. 

49 

8  2r 

3d«      7  3  *< 

12 

8 

60 

o    o~ 

4th. 

12     1    2^ 

l8 

10 

49 

2    7* 

I 

5th. 

16  2   i; 

7 

2 

15 

ii 

•MHM4M 

J  — 

46 

11     1 

6th. 

72  3 

1  2; 

T 

a 

11 

5 

625 

11     1O^ 

7th, 

59  i   14     Sugar,  at     i 
ft      oz» 

8 

7 

•  •** 

84 

*7    »i 

/ 

8th. 

27 

10    Coffee,  at     O 

i 

4 

jfcr 

ft 

i 

16  10 

ft   oz.pwt.gr. 

9th. 

13  10  12    8 

Silv. 

at  4 

7 

6 

#«- 

ft 

60 

14  n| 

QZ.  put,  gr. 

_iOth. 

17 

6 

16 

Gold, 

at  3 

16 

8 

^r 

cz. 

66 

8  io|J 

C 

A     S     E 

XXV. 

When  the  price  is  at  any  of  the  rates  in  thefecond  Practice  TfMe  of 
aliquot  parts  ;  Multiply  the  given  quantity  by  the  numerator, 
and  divide  that  produft  by  the  denominator  ;  if  the  price  be 
pence,  the  quotient  will  be  the  anfwer  in  fhillings  ;  if  (hillings, 
the  anfwer  will  be  pounds. 


EXAMPLES. 

ift.  What  will  379  yards,  at 
\dt  per  yard  come  to  ? 
379 
3 

8)1137 


ad.  What  will  149  yards,  at 
6j.  per  yard  come  to  ? 
M9 
3 


14 


QueJUons. 


i8o 


RA 


rsd- 

4th. 
5th. 
6th. 

9th. 

lOth. 
nth. 
i2th. 

Yds. 

127  at 

159- 

1?3_ 

241  — 

345- 

323- 
287- 

253- 

s.     d. 
o     7, 
o    8 

0    9 
o  10 

7    6 

13     4 
14    o 

i,5     o 
16     8 

£ .   /.    d. 

3  19 
560 

6    9    9 
10    o  10 

,11    I    6    >-""»«"• 
230    o    o 

226        2       O 

215     5    ° 
210  16    8 


\Anfi 


CASE       XXVI. 

When  the  price  is  any  even  number  of  Jhillings,  if  it  be  required  to 
know  -what  quantity  of  any  thing  may  be  bought  for  Jo  much  money  ,* 
Annex  a  cypher  to  the  money,  and  divide  it  by  half  of  the  price, 
and  the  quotient  will  be  the  quantity  to  be  purchafed. 


E    X    A    M    P     L 


S. 


ift.  How  many  yards  of  cloth,  at  18^.  per  yard,  may  I  have  for 

^345  ? 

Half  the  price  rr  9)345^  nr~  money  zuith  a  cypher  annexed* 


38 3%, yards,  Anf. 

"*  £• 

[.   How  many  yds,  at  2  per yd.  for  427  ?• 


S   1    1rl- 

1 

...    .  .      fi 

8*» 

^\  cth 

c 

9Z7 

~  1  j  fi^h 

lO  ' 

~  ?95 

__  _    °  AT 

1  1th. 

-  ^47 

^IQQ 

K4/. 

4270  -j 
1560 


494 
73if 


CASE        XXVII. 


Tojind  t'he  difcount  of  any  invoice,  or  bill  of  parcels,  at  any  rate  per 
cent.  Multiply  the  pounds  in  the  invoice  by  the  amount  of  the 
difcount  of  i  pound,  at  the  rate  per  cent,  and  take  parts  for  the 
{hillings  and  pence  ;  then  add  them  together,  and  the  fum  will 
be  the  difcount  required. 

N.  B.  The  difcount  for  i  pound  at  any  rate  per  cent.  i$.  in 
the  3d.  Pra&ice  Table. 

EXAMPLES. 

i  ft.  What  is  the  difcount  of  an  invoice,  amounting  to  £"65  igj. 
4^.  at  £7!  per  cent  ? 

OPERATION 


PRACTICE. 

OPERATION, 

The  difcount  of  65^.  at  5^.  per  cent,  i-s  65^.  or 
The  difcount  of  65^.  at  a|/.  per  cent,  is 
The  difcount  of  10*.  being  half  a  pound,  at 

per  cent,  is 

The  difcount  of  3*.  ^d.  being  i  of  a  pound  at 

7  1/.  per  cent,  is 


18 

2d.  What  is  the  difeount  of  a  bill  of  parcels,  amounting  to> 
8/.  17*.  8d.  at  2f/.  per  cent  ? 

£.    J.    d. 

The  difcount  of  8/f.  is         -         -         -  :     o     4     o 
The  difcount  of  iOj,  is  003 

The  difcount  of  6s.  8c/.  is  -         -         002 

The  difcount  of  u.  is         -         -         -         o     o     ol 


4     5| 

N.  B.  When  the  rate  per  cent,  is  any  even  part  of  £100,  it 
may  be  performed  by  dividing  the  amount  by  that  even  part. 

3d.  What  is  the  difcount  of  an  invoice  amounting,  to  $jl.  i^s. 
gd.  at  \^\L  per  cent.  ? 

£.      *•     d. 
I  "11*1  57     *3     9 


£l       4     2I  A*J* 

CASE      XXVIII. 

Tojind  the  value  of  goods  J  old  by  particular  quantities,  viz.  I.  By 
the  fcore.  II.  Round  timber.  III.  By  5  fcore  to  the  hundred. 
IV.  By  112  to  the  hundred.  V.  By  6  fcore  to  the  hundred. 
VI,  By  the  great  grofs.  VII.  By  the  1000. 

I.   To  Jind  the  value  of  goods  fold  by  the  fcore. 

The  price  of  one  is  given,  to  find  the  price  of  one  fcore. 

If  the  given  price  be  Shillings  and  pence,  or  only  pence,  di 
vide  the  given  price,  in  pence,  by  12.  The  quotient  will  be  the 
anfwer  in  pounds,  and  the  remainder  will  be  fo  many  times  i  s.  &£, 

EXAMPLES. 

ift.  At  yd.  each  ;  What  is  2d.  At  4^.  yd.  each  ;  What 

that  per  fcore  ?  is  that  per  fcore  ? 

12)9^-(»75  =^0     15     o  Anf.  4j.  gd. 

Or  by  inverting  the  quejlion,  12 

i  fcore  ~  20  ~  is.  tid.  >  — 


15  Anf. 


i8«  P      R      A      C      T      I      C      E.' 

It  may  be  remarked,  that  when  the  pries  is  {hillings  and  pence, 
the  anfwer  will  be  juft  fo  many  pounds  as  there  ar<i  {hillings,  and 
fo  many  times  is.  8^.  as  there  are  pence.  If  farthings  are  given, 
for  ^d.  reckon  5^.  for  ^d.  lod.  and  for  %d.  is.  3^. 

TABLE    of  Aliquot  Parts.     20  the  Integer. 


8 -ft 

10—4 


2  is  7V 

4  —  T 

5-* 

3d.  What  coil  7  ;  at  zs. 
per  fcore  ? 

s.     d. 


3i 


12  is  £•§ 
•4,-- ft 


4th.  What  coft  17  ;  at 
lOd,  per  fcore  ?     s.      d. 


5 

i 

2 

2 

A 

0 

0 

lO 

*9 

5 

i 

2 

k 

9 

ft 

4 

.— 

i 

10 


11 


7     zz    o  uf  17     —  ~  16     104 

II.   Round  Timber. 

Forty  feet  make  a  load  or  ton  of  round  timber. 

If  the  given  price  of  a  foot  be  (hillings, 
RULE. 

Multiply  the  given  price  by  2,  and  the  produft  will  be  the 
anfwer  in  pounds. 

5th.  What  coft  a  ton,  at  3^.  6th.  What  coft  a  ton  at  9^. 

per  foot  ?         3-r-X  2zz6/.  Anf.         per  foot  ?     gst X2— 18/.  Anf. 

If  the  given. price  of  i  foot  be  pence  only,  or  {hillings  and 
pence,  divide  the  given  price,  in  pence,  by  6.  The  quotient 
will  be  the  anfwer  in  pounds,  and  the  remainder  will  be  fo  many 
times  3.?.  4^. 

7th.  What  coft  40  feet,  8th.  At  is.  gd.  per  foot,  What 

at  17^.  per  foot  ?  coft  a  ton  ? 

6)17  6)21 

£2  16  8  Anf.  £3  10  Anf. 

If  the  given  price  of  a  foot  be  farthings  only,  or  pence  and 
farthings,  divide  the  given  price,  in  farthings,  by  6  ;  then  di« 
vide  that  quotient  by  4,  and  this  loft  quotient  will  be  the  anfwer. 

9th.  At  \d.  per  foot,  What  loth.  At  13^  per  foo(,  What 
coft  a  ton  ?  6)3  coft  a  ton  ?  13! 

4)0  10 


£o    i  6  Anf. 


6  8 

»•••••• 

4  z  Anf. 
Or, 


PRACTICE.  i8a 

Or,  fuppofe  every  fhilling  in  the  price  to   be   2/.  every  penny 
to  be  3-r.  4^.  and  every  farthing  to  be  iod. 

nth.  What  cofl  40  feet  at  i2th.   What  coft  40  at  15!^. 

%d.  per  foot  ?  per  foot  ? 

s.  d. 

i  o  X  2  rz  £2  oo 
3  4  X  3  ~  0100 
oxjozz  o  18 


£2  11   *Anf. 

III.  Tojind  the  value  of  goods  fold  by,  §fcore  to  the  hundred. 
ift.  If  the  given  price  be  pounds  and  {hillings,  or  {hillings  only. 

RULE. 

Multiply  the  given  price,  in  {hillings,  by  5,  and  the  quotient 
will  be  the  anfwer  in  pounds. 

i3th.  At  195.  per  yard,  i4th.  At  4/.  13*.  per  cwt.  What 

What  coft  iOO  yards  ?  coft  100  cwt.  or  5  tons  ? 

19*.  4     !3 

5  2Q 

£95  ArtJ-  93 

5 

£465  Anf. 

ad.  If  the  given  price  of  i  be  pence  only,  or  {hillings  and 
pence. 

RULE. 

Multiply  the  given  price,  in  pence,  by  5  ;  then  divide  that 
produft  by  12.  The  quotient  will  be  pounds,  and  the  remainder 
fo  many  times  is.  8d. 

15th.  If  i  yard  coft  9^.  i6t!i.  What  ctfft  100  bufhels, 

What  coft  iOO  yards  ?  at  35*.  40?.  per  buftiel  ? 

9  s.  d.  Or, 

5                                          35  4  35'-  4*. 

12  14^.  |T!   5 
12)45 

424  175 

£3  *5  Anf.                              5  i   13  4 

12)2120  f  ^176  13  4 

£176  13  4  Anf.  Here  5  is  di~ 

'•*•-  vided  by  i. 

3d.  If 


184  PRACTICE. 

3.  If  the  given  price  of  i   be  fhillings  and  pence  ;  Multiply 
the  price  by  5,  and  the  produft,  under  the  place  of  fhillings,  will 
be  the  anfwer  in  pounds,  and  the  produft  under  the  place  of 
pence,  will  be  fo  many  times  is.  Sd. 

i7th.   At  2s.  $d.  per  bufhel ;         i8th.  At  251.  3^.  per  ton  ; 
What  coft  100  bufhels  ?  What  coft  100  tons  ? 

s.    d.  s.     d. 

5  5 

12     i  126    3 

_      -  _______ 

Anf.£iz     i     8  ArtJ.£i*6    5 

4.  To  find  the  price  of  one,  at  fo  much  per  hundred  of  5  fcore. 

GENERAL     RULE. 

Multiply  the  given  price  by  12  ;  divide  the  produft  by  5,  and 
the  quotient  will  be  the  anfwer  in  pence. 

But  if  the  price  be  pounds  only  ; 
RULE. 

Divide  the  given  price  by  5,  and  the  quotient  will  be  the  an 
fwer  in  fhillings. 

tgth.  If    100  yds.   coft  6$l.         21  ft.  If   iOO  yards  coft  n£, 
What  coft  i  yd.  ?  js.  yd.  What  coft  i  yard  ? 

5)65  £.     s.    d. 

11     7    9 

1 3 s.  Anf.  !  o 


20th. If  iQoyds.  coft  zl.  \%s. 


tWhat  is  that  per  yard  ?  12)27     6     7 

£.  *.     d.    ' 


2  18     4  2j.  3|d.  Anf. 

12 

In  dividing   27  by  1 2  (in  the 


5)35     °     °  sift  queftion)  the  quotient  is  2j. 

.  and  the  remainder  %d.   the  6  is 

yd.  Anfwer.  •£>  of  a  penny  m  one  farthing, 

—  and  the  7  is  of  no  account. 

TABLE    of  Aliquot  Parts,     loo  the  Integer. 
5     is     ^  I  25     is      i    I  50     is      |       75     is      | 

20 V  I  40  —  •&  I  70 A     90  —  TTT 

22d,    At 


t      R      A      C      T      I      C      B. 

£*d.  At  3/.  71.  6d.  per  AOO  ;  What  will  23  coft  ? 
£.  s.d. 


23          £0  15  6  Anf. 


23d.  At  2/.  ij.  icd.  per  100  ; 
What  coft  18? 


24th.  At  5/.  gj.  6d.per  too  3 
What  coft  35  ? 

,       £.  *.-  rf. 
5     9    6 


18    ~ 


10)16     8     6 


I    i  12  10 
I LJ 

£     I     Ib        9* 


Add* 


IV.  Tojind  the  value  of  goods,  fold  by  112!^  Me  Cwt. 
The  price  of  ift  is  given  to  find  the  value  of  i  cwt. 
ROLE. 

For  a  farthing,  account  ts.  ^d.  per  cwt.  For  a  half  penny, 
4-r.  8c^.  For  three  farthings,  js.  And  for  every  penny,  9^.  4^. 
per  cwt. 


25th.  What  coft  tctot.  at 
per  ft  ? 

At  id.  per  ft  s.  di 


iczvt.  coli 

:s     -        94 
3 

At  3d.  - 
At  ±dt     - 

•    £l    8  °\ 
-     o     4  8  f 

yTi    12   8    / 

2 6th.  At   %{d,  per  ft,  What 

coft  iczvt.? 
At  id.  per  ft          j.  rf. 

cofts         -       C;    4 


Add. 


AtSrf.-  *    -  £3  14  8 


At 


4  81 

7  °J 


Add. 


£4     i  8  ^w/. 

V.   Tojind  the  value  of  goods  fold  by  Gfcore  to  the  hundred. 
The  price  of  i  is  given,  to  find  the  price  of  i  hundred. 

RULE. 

Suppofe  every  penny  in  the  price  to  02  fo  many  pounds,  and 
for  the  farthings,  fuch  a  part  of  a  pound,  as  they  are  of  a  penny  ; 
then,  half  of  that  fum  will  be  the  anfwer, 

A  a  1 7th.  At 


C      T      I 


E. 


27th.  At  4f  J.  per  yard,  What         a8th.  At  i6j.  9^.  per  yard ; 

coft  120  yards  ?  What  coft  120  yards  ? 

£.  s.  s.  d. 

2)4     10  j6  9| 

i     i '    -  12 

£2      5  Anf. 
—  20 1 


£IOQ  12  6 

To  find  the  price  of  one,  at  fo  much  perhundred*of  6  fcore. 
RULE. 

Multiply  the  price  by  2,  then  call  the  pounds  fo  many  pence, 
and  the  fhillings,  fuch  a  part  of  a  penny,  as  they  are  of  a  pound, 
and  you  will  have  the  anfwer. 


29th.  If  ito  yds.  coft 
What  coft  i  yard  ? 

£.*. 

3  i* 

2 


3bth.  If  1 20 yds.  coft  5^.  1 
6d.   What  coft  i  yard  ? 
£.  s.  d. 
18  6 


7    4 


11  17  o 

1 1  |d.  -|-|  of  a  farthing* 


TABLE   of  Aliquot  Parts.     itQthe  Integer. 
Alfo, 


6     is 
10  — 


20 


24     is 
30 

40 

60 


36     is 

45 

48  — 

50 

70  •—— • 


1 


-A 


72    is     | 


75 
So 


90 


96     is 

!OO 

105  — 
108  — 

no  — — 


3 1  ft.  At  3/.  17  j.  6<J.  per  hundred  ;  What  coft  14  ? 
f.s.d. 


12 


3  17  6 


79  1 
1  8f  / 


14     =  £o    9  o|  Anf. 


Sad.  At 


Sad.    At   2/.    13-f.    6^d,   per 
hundred  ;  What  coft  49  ? 


40 


2   13     6f 

o  17  10  o^ 
o  3  6  # 
0051 
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3 3d,  At  i/.  19^.  3^.  per  him" 
dred  ;  What  coft  75  ? 

£•  J-  rf- 

*  19  3 

5 


8)9  16  3 

£'     4*J 

49    rr:  £1     i  10  *  -4w/» 

VI.  To  find  the  value  of  goods  fold  by  the.  great  grofs. 

NOTE.  12  make  i  dozen,  12  dozen  i  fmall  grofs,  12  fmall  grofs 
i  great  grofs. 

The  price  of  i  dozen  being  given,  in  pence,  to  find  the  price 
of  a  great  grofs. 

R  u   L  z. 

Multiply  the  price  of  i  dozen,  in  pence,  by  3,  then  divide  that 
product  by  ,5,  and  the  quotient  will  be  the  ani'wer  in  pounds,  &c. 
For  proof,  do  the  contrary. 

N.  B.  If  the  price  of  i  be  given,  the  price  of  i  fmall  grofs  is  found 
after  the  fame  manner. 

34th.  What  coft  i  great  grofs,  at  i8af.  per  dozen  ? 

3 

5)54 

£iO     16  Anf. 
85th.  At  4.5-.  3^.  per  dozen  ;  What  coft  i  great  grofs. 

£•  *! 

4 


4*- 

12 


s.  d. 

4  3 


3 


12 


o 

12 


28 


£30    12  £30    12    O  £30       12 

TABLE    of  Aliquot  Parts.     144  the  Integer. 
Alfo, 


12      IS 

16  

18  


1 

48. 

is     | 

—  i 

f 

60 

is 

i 

i  2 

84 

is 

T 

128 

132- 

is 

72 

-  —  i 

64 



4 
¥ 

108 

• 

* 

80 

T"  

1 

120 

"  •• 

1 

36th.  At 


g6th.  At  &l. 
Doz. 


R      A      C      T      I      C      E. 

,  gd.  per  great  grofs  ;  What  coft  45  dozen  ? 
£.    s.    d. 
9 


212 


3     3i 


45   = 


5! 


t.  What  coft  117  dozen,         381*1.  At  $1.  ±6s.  Bd.  per  great 
at  9^.  13^.  "jd.  per  great  grofs  ?     grofs  ;  What  coft  7  great  grofs, 

and  96  dozen  ? 


£ 

s.   d 

9 

'3  7 

3 

1  08* 

1 

29 

o  9 

9 

i 
1 

7 

0       4- 

12     1 

117     — 


3f 


3)7 
•Doz-        -  ' 

96-      2     ,1     ,| 

Top  line  X  7  =  26  168 
£29     7  9| 


VII.   Tojind  the  value  of  goods  fold  by  the  thoufand, 
The  price  of  i  is  given,  to  find  the  price  of  lOOo. 

RULE. 

Multiply  the  given   price,   in  pence,  by  50,  then  divide  the 
produft  by  12,  and  the  quotient  will  be  the  aniwer  in  pounds,  &c. 


39th.  At  6d.  each  ;     Or9  as  IOOO.T.  are  50^. 
take  parts,  for  the 
pence  out  of  50. 
1  6<*.  I  i  I  50  l2^ 


What  coft  1000  ? 

6 
50 


12)300 
£25  Anf. 


k 


4oth.    What 
coft  1000  at  2|rf, 
each. 
50 


" 


i  o  10 

£976   ^W/ 

To  find  the  price  of  one,  at  fo  much  per  thoufand. 
RULE. 

Multiply  the  price  by  12  ;  divide  the  produft  by  50  ;  then 
take  the  pounds  for  fo  many  pence,  and  the  {hillings  for  fuch  a 
part  of  a  penny  as  they  a*e  of  a  pound,  which  will  be  the  anfwer. 

4ift.  At 


PRACTICE, 

,  At  5/.  4*.  zd.  per  1000  ;  What  coft  i  ? 
542 


§o 


[ 


5)62     10      o 

lO)l2       lO 

£l       5 

Anj\  \\d. 


What  coft  i  ? 


354     3     4 

12 


10)4250     o      o 

5)425 


1OO 


Anf.  071 


189 


".  7-y.  id. 


TABLE    of  Aliquot  Parts.     1000  Me  Integer. 


Alfa, 

50  is  ^ 

2CO  IS  i 

300  is  T3o- 

700  is  Jx 

aoo—  TV 

250  —  i 

375-  4 

750—  i 

125  —  £ 

500  -i 

400-  f 

800—  f. 

600  —  -J 

»75—  1 

625  _  -| 

9°°  -A 

43d,  At  i/.  17*.  gc?.  per  1000  ;  What  coft  115  ? 
£.    s.    d.     • 


100 


10 


•h 

T'O 


1     17    9 
3     9l 


o       O     4|     Add. 
o       o     2! 


115  zr  £o 


44th.  AS: 
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44th.  At  2/.  is.  8af.  per 
1000  ;  What  coft  875  ? 


-    DECIMALS. 

45th.   What  cofl  33,  at  24*. 
per  1000  ? 

f.    s.    d. 
i     4     8 


8)14  11     8 
£1   16     51  Anf. 


50 
25 


3o 
3 

33 


o    o    7i 


o    o 


o     o 

o     o 


009!  Anfwer.. 


PRACTICE     BY     DECIMALS. 

I.  Since   zs.  is  -~^  of  il.  the  decimal  of  zs.  is  ,1  :   Wherefore 
any  quantity  being  given  at  zs.  per  ft,  yard,  &c.  the  price  is  found 
in  pounds  and  decimal  parts  of  a  pound,  by  feparating  the   unit 
£gure  of  the  given  quantity  from  the  reft,  for  a  decimal. 

Let  it  be  required  to  find  the  value  of  356  yards  at  2j.  per 
yard  ? 

By  pointing  off  the  unit  figure  6  fora  decimal,  I  find  the  >  -  g 
amount  to  be^~35,6,which  is  known  to  be  equal  to  35/.  12s.  J  *****> 

II,  Confequently«  if  the   price  be  a  multiple  of  zs.  (viz.  any 
even  number  of  (hillings,)  the  amount  at  21.  being  firft  found  in 
pounds  and  decimal  parts,  as  above,  and  that  amount  multiplied 
by  the  number  which  fhevvs  how  often  2s.  is   contained  in   the 
given  price,  the  procluft  will  be  the  amount  required  in  pound* 
and  decimal  parts  of  a  pound. 

What  coft  427  gallons  of  wine,  at  8>r.  per  gallon  ? 
£"42,7  amount  at  2st  per  gallon. 
4 


AnJ%  £170,8  or 

The  examples  in  Cafe  5th  may  be  worked  in  this  manner. 
Likewife,  if  the  price  be  pounds  and  even  fhillings. 
754  yards  at  i/.  8j-. 


75,4  amount  at  2J. 
14X2=28^ 

3016 
754 


in.  y 


P  R  A  C  T  I  C  E  B  Y   D  E  C  I  M  A  L  S.  i9l 

III.  If  the  price  be  an  aliquot  part  of  2i.~ Find  the  amount  at 
2s.  and  divide  it  by  the  denominator  of  the  partj  and  ths   quo 
tient  will  be  the  anfwer. 

At  8d.  per  ft  What  coft  976  ft  ? 

I  8*  1  *  I  97>6 

£32,533— £32      10     8  Anf. 

IV.  If  the.  price  be  an  aliquant  (that  is,  uneven)  part  ;  Divide  it 
into  aliquot  parts. 

7  *35  yards,  at  jd. 


4* 


723>5 
120,583 


21I,02Z=£'211     O    4 

V.   //"  #A,5  />n'c-<s  be  pounds  and  Jhillings,  or  pounds,  fallings  and 
pence  j   Reduce  the  {hillings,  &c.  to  the.  decimal  of  a  pound,  and 
multiply  the  quantity  thereby,  or  the  price  by  the  quantity, 
At  15*.  i2J.  6d.  per  Cut.  ;  What  coft  75  Cut.  ? 
£15  12  6=£L5:625 
15 

78:25 
109375 


1171,875 

j£  1 1 7 1    176  Anf, 

,  ..  _,  ..„  quantity  liktwife  be  of  divers  denominations;  Reduce 
the  lefs  denominations  to  the  decimal  of  that,  whereof  the  puce 
is  given. 

o,lt  1002.  of  iilk,  at/*4  5  9— yf '4,287 

^.^9,625 


VI. 


8574 
25722 


41,262375 


5     3 
Cafes  i2th,  and  13th,  may  be  wrought  in  this  manner. 
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Or,  You  may  take  parts  for  the  lower  denominationS9 
8«.  I  1  I  4,287 
2oz.  1^ 

38,583 

a,  M3  5 
>535875 

41.262375 


VII.  When  the  price  is  any  odd  number  of  {hillings  :  If  it  be 
required  to  know  what  quantity  of  any  thing  may  be  bought  for 
any  fum  of  money,  in  pounds  :  Annex  two  cyphers  to  themoney3 
and  divide  it  by  half  the  price. 

Note.  As  half  a  {hilling  (or  6  pence)  is  ,5,  therefore,  to  halve 
any  odd  number  of  fhillings,  is  only  to  annex  ,5  to  half  of  the 
greateft  even  number  in  the  price. 

ift.  How  manyjydj.  at  7-j.  per  2d.  How  many  pounds  of 
yd.  may  1  have  for  435^.  ?  tea,  at  51.  per  ft  for  37  /.  ? 

,5)W5QQ(i*yL\%yds.Anf<  2;5)37CO(148  ft  Anf* 

35^  25 

85  120 

70  too 

1*JO  200 

1/JO  2OO 

100 

70  3d.  How  many  yards,  at  9*.  per 

yard,  may  I  have  for  540^.  ? 
30  An/.  12^0  yards, 

BILL       ^PARCELS. 

Newburypcrt,  June  ifls  1787. 
Mr.  Timothy  Huckftzr 

Bought  of  Samuel  Merchant. 
Bohea  tea,  at  31.  6d.  per  ft. 
^8ft  Cheefeat  gd.  per  ft. 
15  Pair  of  worfted  hofe,  at  5f.  8d.  per  pair. 
4^|  Dozen  women's  gloves,  at  36^.  6d,  per  dozen. 
19  Do2cn  knives  and  forks,  3151.  gd.  per  dozen. 
9  Grindftones  at  15^.  yd.  per  ftone. 
\Cwt.  Brown  fugar,  at  515.  per  cwt. 

3ift  Loaf  fugar.  at  tf.  o}^.  per  ft.  —  —  — 

£34     3     3  1 
Received  payment  in  full. 

Samuel  Merchant. 

TARE 
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TARE        AND        TRET. 

Tare  and  Tret  are  practical  rules  for  deducing  certain  allow* 
Unces,  which  are  made  by  merchants  and  tradefmen  in  felling 
their  goods  by  weight. 

Tare  is  an  allowance,  made  to  the  buyer,  for  the  weight  of 
the  box,  barrel,  or  bag,  &c.  which  contains  the  goods  bought, 
and  is  either  at  fo  much  per  box,  <&c.  at  fo  much  per  cwt.  or  at 
fo  much  in  the  grofs  weight. 

Tret  is  an  allowance  of  485  in  every  iC^lfc  for  wafle,  duft,  &c. 

Cloff  is  an  allowance  of  2ft  upon  every  3  Cut. 

Grofs  weight  is  the  whole  weight  of  any  fort  of  goods,  togeth 
er  with  the  box,  barrel,  or  bag,  &c.  which  contains  them. 

Suttle  is,  when  part  of  the  allowance  is  dedufted  from  t-he  grofs. 

Neat  weight  is  what  remains  after  all  allowances  arc  made. 

CASE         I.* 

When  the  tare  is  atfo  much  per  box^  barrel  or  bag^  C^c.— Multiply 
the  number  of  boxes,  barrels,  &c.  by  the  tare,  angd  fubtract  the 
produtt  from  the  grofs,  and  the  remainder  will  be  the  neat  weight 
required. 

EXAMPLES. 

ift.  In  6  hogfheads  of  fugar,  each  weighing  9  Cwt.  2  qrs%  loft 
grofs,  tare  25^  per  hogfhead  ;  How  much  neat  ? 

Czut.  qr.    ft  Cwt.  qr.    ft 

25  xfcii     i     10  9     2     i  o  grofs  zut<  of  one  hhd. 

6 


5724  grofs. 
i      i      10  tare. 


Anf.  56     O     22  neat. 

ad.  In  5  bags  of  cotton,  marked  with  the  grofs  weight  as  fol 
lows,  tare  23!^  per  bag  ;  What  neat  weight  ? 

Cwt.  qr.    ft 
A  =  7     i     19 

B  =  3  3  27 
C  =  5  i  12 
D  —  6  o  15 

E  =  8     i       o  Cat.  qr.    ft 

• Anf.  30    o     14  neat. 

3d.  What  is  the  neat  weight  of  15  hogmeads  of  tobacco,  each 
7  Cut.   i  qr.   isft.    Tare  looft  per  hogfhead  ? 

An/.  g'jCtvt,  Oqr.   lift. 
CASE 

*  This,  as  well  as  every  other  cafe  ia  this  rule,  is  only  an  application  of  the  rule* 
of  Proportion  and  Praftice. 

B  b 


194 


T    A 


RE         AN 

CAS 


TRET. 


E      II. 

When  the  tare  is  at  fo  much  per  cwt. —  Divide  the  grofs  weight  by 
the  aliquot  parts  of  a  cwt.  fubtraft  the  quotient  from  the  grofs3 
and  the  remainder  will  be  the  neat  weight. 

EXAMPLES. 

ift.  In  izycwt.  %qrs.  i6ft  grofs,  tare  i^jfe  per  cwt.  What  neat 
weight  ? 

Cwt.  qr.    ft 

14ft  |  $  |  129      3      16    grofs. 
16     o     26|  tare. 


n 


z     1 7y  neat. 
2d.   In  g'jcwt.  iqr.  7ft  grofs, 


tare,  2oft  per  cwt.  What  neat 
weight  ? 

ft         Cwt.qr.  ft 

~  97     *     7 


Subtratt 


3     3 
3     1 


3d.  What  is  the  neat  weight 
of  9  barrels  of .  potafh,  each 
weighing  305!^  grofs,  tare 
per  cwt.  ? 

AnJ.  2450^  1402. 


i     14  tare. 


AnJ.  793     21  neat. 

4th.  What  is  the  value  of  the  neat  weight  of  yhhds.  of  tobac 
co,  at  5^.  7*.  6d.  per  cwt.  each  weighing  Scut.  %qrs.  icft  grofs, 
tare  2lft  per  cwt.  ?  Anf.  £270  4  4^  reckoning  the  odd  ozs. 

CASE      III. 

When  tret  is  allowed  with  tare. — Divide  the  futtle  weight  by  26, 
and  the  quotient  will  be  the  tret,  which  fubtraft  from  the  futtle, 
and  the  remainder  will  be  the  neat. 

EXAMPLES. 

ift.  In  Ztfcwt.  zqrs.  15ft  grofs,  tare  28  per  cwt.  and  tret  4& 
per  iO4ft,  What  neat  weight  ? 

ft  Cwt.  qr.     ft 

|  28  U  I  247     2      15     grofs. 

61     3     17     12  tare9fubtratt. 


16 


4  futtle. 
b   tret,  Jubtr aft. 


Anf.  178     2       9       4  neat. 

2d.  What  is  the  neat  weight  of  qhkds.  of  tobacco,  weighing  as 
follow  :  The  ift.  gent.  iqr.  i2ft  grofs,  tare  65^  per  hogfhead  ; 
the  2d,  3csy^.  oqr.  igft  grofs,  tare  7$ft  ;  the  3d.  faivt.  §qrs,  grofs, 

tare. 
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fare 49^  ;  and  the  4th.  ^cmit.  zgrs.  9ft  grofs,  tare  35ft  and  allow 
ing  tret  to  each  as  ufual  ?  AnJ.  17 cut.  Oqr.  ^ft  4. 

CASE       IV. 

When  tare,  tret  and  doff  art  allowed. — Deduft  the  tare  and  tret 
as  before,  and  divide  the  futtle  by  168,  and  the  quotient  will  be 
the  cloff,  which  fubtraft  from  the  futtle,  arid  the  remainder  will 
be  the  neat, 

EXAMPLES. 

ift.  What  is   the  neat  weight  of   ihhd.  of  tobacco,  weighing 
.  zqrs.  ?.oft  grofs,  tare  14!^  per  cwt.  tret  4ft  per   104,  and 
cloff  2ft  per  $ctvt.  ? 

Ctut.    qrs.     ft      oz. 

I4ftis-i)i6     2     20     o  grofs. 

20       98  tare,  jubtratl. 

4ft  is  -2%)i4'    2     10     8 

02       6   13  tret,jubtra£l. 


2ft  is  Tfg-)t4     o       311  futtts. 

o     o       95  cloff  tJubtraQ. 


13     3     22     6  neat. 

sd.  If  yhkds.  of  tobacco,  contain  850^.  oqr.  sft,  tare  30^  per 
hhd.  tret  and  cloff  as  ufual,  What  will  the  neat  weight  come  to 
at  6|d.  per  ft,  after  deducing  for  duties  and  other  charges,  51^. 
us.  Bd.  ?  Anf.  i8;/.  185.  5d. 

INVOLUTION,    OR   TO    RAISE    POWERS. 

A  power  is   the  produtt  arifing  from  multiplying  any  givren 

tiumber  into  itfelf  continually  a  certain  number  of  times,  thus  : 

3X3=  9  is  *he  2^«  power,  or  f^uare  of  3.  in  32 

3X3X3=27  is  'the  3d.  power,  or  cube  of  3. 

3X3X3X3::^:8j  is  the  4th.  power,  orthe  biquaclrate  of  3,&c.~  34 

The  number  denoting  the  power  is  called  the  -index,  or  the  ex 
ponent  of  that  power.  Thus,  the  fourth  power  of  3  is  81,  or  34  ; 
the  fecond  power  of  5  is  25,  or  52,  &c. 

2X211:4,  the  fquare  of  2  ;  4X  4^ri6zn4th  power  of  2  ;  16 
X  i6zz:25brz8th  power  of  2,  &c. 

RULE. 

Multiply  the  given  number,  root,  or  fir  ft  power  continually  by 
itfelf,  till  the  number  of  multiplicatilis  be  i  lefs  than  the  index 
of  the  power  to  be  found,  and  the  laft  produft  will  be  the.  pow 
er  required. 

Note.  Whence,  becaufe  fractions  are  multiplied  by  taking  the 
produces  of  their  numerators,  and  of  their  denominators,  they  will 
be  involved  by  railing  each  of  their  terms  »o  the  power  requir 
ed,  and  if  a  mixed  number  be  propofed,  either  reduce  it  to  an 

improper 
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fraction,  or  reduce  the  vulgar  fraction  to  a  decimal,   and  pro 
ceed  by  the  rule. 

EXAMPLES. 

ift.  What  is  the  5th  power  of  9  ? 
9 
9 

81  zr  2d.  power. 
9 

729  ~  3^.  power* 
9 

6561  r±  qth.  power. 
9 

59049  izr  5/A.  power,  or  anfwer  m  9*. 

sd.  What  is  the  5th.  power  of  |  ?  AnJ.  -g^. 

gd.  What  is  the  4th.  power  of  ,045  ?         >4n/.  .000004100625. 
Here  we  fee,  that  in  railing  a  fraction  to  a  higher  power,  we 
decreafe  its  value. 

EVOLUTION,  OR  THE  EXTRACTION  OF  ROOTS. 

The  Root  is  a  number  whofe  continual  multiplication  into  it- 
felf  produces  the  power,  and  is  denominated  the  fquare,  cube, 
biquadrate,  or  2d.  3d.  4th.  root,  &c.  accordingly  as  it  is,  when 
raifed  to  the  2d.  3d.  4th.  &c.  power,  equal  to  that  power.  Thus, 
4  is  the  fquare  root  of  16.  becaufe  4X4~*6>  and  3  is  tne  cube 
root  of  27,  becaufe  3X3X31^27  ;  and  fo  on. 

Although  there  is  no  number  of  which  we  cannot  find  any 
power  exactly,  yet  there  are  many  numbers,  of  which  precife  roots 
can  never  be  determined.  But,  by  the  help  of  decimals,  we  can 
approximate  towards  the  root,  to  any  affigned  degree  of  exactnefs. 

The  roots,  which  approximate,  are  called  furd  roots,  and  thofc 
which  are  perfectly  accurate,  are  called  rational  roots. 

Roots  are  fometimes  denoted  by  writing  the  character  ^  be 
fore  the  power,  with  the  index  of  the  root  over  it ;  thus  the  3d. 

root  of  36  is  exprefied  ^/  36,  and  the  2d.  root  of  36  is  \/  36,  the 
index  2  being  omitted  when  the  fquare  root  is  defigned. 

If  the  power  be  expreffed  by  fevsral  numbers,  with  the  fign  -j- 
or  —  between  them,  a'  line  is  drawn  from  the  top  of  the  fign  over 

all  the  parts  of  it,  Thus  the  3d.  root  of  42  -}-  22  is  ^47-^22,  and 

the  sd.  root  of  59  —  17  is  -^9 — 17,  &c. 

Sometimes  roots  are  defigned  like  powers,  with  fractional  in 
dices.  Thus,  the  fquare  root  of  15  is  15*,  the  cube  root  of  21  is 

I  ...I"'  "* 

ei1",  and  4th,  root  of  37  —  20  is  37 — aoT,  &c,  A 
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i9B          EXTRACTION  OF  THE  SQUARE  ROOT. 

The  EXTRACTION  of  the  SQUARE  ROOT. 

RULE. 

*l.  Diftinguifh  the  given  number  into  periods  of  two  figures 
each,  by  putting  a  point  over  the  place  of  units,  another  over 
the  place  of  hundreds,  and  fo  on,  which  points  fhew  the  number 
of  figures  the  root  will  confift  of. 

2.  Find  the  greateft  fquare  number  in  the   firft,  or  left  hand, 
period,  place  the  root  of  it  at  the  right  hand  of   the  given  num 
ber,  (after  the  manner  of  a  quotient  in  divifion)  for  the  firft  fig* 
ure  of  the  root,  arid  the  fquare  number,  under  the   period,  and 
fubtraft  it  therefrbm,  and  to  the  remainder  bring  down  the  next 
period  for  a  dividend. 

3.  Place  the  double  of  the  root,   already    found,   on   the  left 
hand  of  the  dividend  for  a  divifor. 

4.  Seek  how  often  the  divifor  is  contained  in  the  dividend,  (ex 
cept  the  right  hand  figure)  and  place   the  anfwer  in  the  root  for 
the  fecond  figure  of  it,  and  likewife  on  the  right  hand  of  the  di 
vifor  :  Multiply  the  divifor  with  the  figure  laft  annexed  by  the 
figure  laft  placed  in  the  root,  and  fubtract  the  product  from   the 
dividend  :   To  the  remainder  join  the  next  period  for  a  new  div~ 
idend. 

5.  Double  the  figures  already  found  in  the  root,  for  a  new  di 
vifor,  (or,  bring  down  your  laft  divifor  for  a  new  one,  doubling 
the  right  hand  figure  of  it)  and  from  thefe,  find  the  next   figure 
in  the  root  as  laft  directed,  and    continue  the   operation,  in   the 
fame  manner,  till  you  have  brought  down  all  the  periods. 

Note  i.  If  when  the  given  power  is  pointed  oft  as  the  power 
requires,  the  left  hand  period  fnouid  be  deficient,  it  muft  never- 
thelefs  ftand  as  the  firft  period. 

Note  2.  If  there  be  decimals  in  the  given  number,  it  muft  be 
pointed  both  ways  from  the  place  of  units  :  if,  when  there  are 
integers,  the  firft  period  in  the  decimal's  be  deficient,  it  may  be 

completed 

*  In  order  to  (hew  the  rea/bn  of  the  rule,  it  will  be  proper  to  premife  the  follow 
ing  Lemma.  The  produft  of  any  two  numbers  can  have,  at  moft,  but  fo  many 
places  of  figures  as  are  in  both  the  faftors,  and  at  leaft  but  one  lefs. 

Dcmdnjlration.  Take  two  numbers  confining  of  any  number  of  places  ;  but  let 
them  be  the  leaft  poffible  of  thoie  places,  viz.  Unity  with  cyphers,  as  too  and  10  r 
Then  their  produft  will  be  i  with  fo  many  cyphers  annexed  as  are  in  both  the 
numbers,  viz.  1000  ;  but  1000  has  one  place  Jefs  than  100  and  10  together  have  : 
And  fince  100  and  10  were  taken  the  leaft  poflible,  the  produft  of  any  other  two 
numbers,  of  the  fame  number  of  pi  aces,  will  be  greater  than  i  coo  ;  confequently,  the 
produft  of  any  two  numbers  can  have,  at  leaft,  but  one  place  lefs  than  both  the  faftors. 

Again,  take  two  numbers,  of  any  number  of  places,  which  fhall  be  the  greateft 
poffible  of  thofe  places,  as  99  and  9.  Now,  99  X  9  is  lefs  than  99  X  *o  ;  but  99 
X  10  (m  990)  contains  only  fo  many  places  of  figures  as  are  in  99  and  9  ;  there 
fore,  99  X  9i  °r  the  produft  of  any  other  two  numbers,  confiding  of  the  fame 
number  of  places,  cannot  have  more  places  of  figures,  than  are  in  both  its  faftors. 

Corollary  i .  A  fquare  number  cannot  have  mote  places  of  figures  than  double  the 
places  of  the  root,  and  at  leaft  but  one  lefs. 

Corollary  2.  A  cube  number  cannot  have  more  places  of  figures  than  triple  the 
places  of  the  root,  and  at  leaft  but  two  lefs. 
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completed  by  annexing  fo  many  cyphers  as  the  power  requires  : 
And  the  root  mud  be  made  to  eoniifl  of  fo  many  whole  numbers 
and  decimals  as  there  are  periods  belonging  to  each  ;  and  when 
the  periods  belonging  to  the  given  number  are  exhaufled,  the 
operation  may  be  continued  at  pleafure  by  annexing  cyphers. 

EXAMP    LES. 
ift.  Required  the  fquare  root  of  30138696025  ? 

30138696025(173605  the  root. 


\ji.  Divifor  zz  27)201 
189 

zd.  Divifor  ~r  343)1*38 
1029 

3^.  Divi/or  zr  3466)20969 
20796 


4*A.  Divifor  —  347205)1736025 
1736025 

ad.  Required  the  fquare  root  of  575,5  ? 

575»5°(23>98-f-  *fa  reot* 
4 

43)5-75 

129 

469)4650 
4221 

4788)42900 
38304 

4596  Remainder. 

gd.  What  is  the  fquare  root  of  10342656  ?  Anf,  3216, 

4th.  What  is  the  fquare  root  of  964.5192360241  ?  Anf.  3  1,05671. 

fth.  What  is  the  fquare  root  of  234,09  ?  Anj.  15,3. 

th.   What  is  the  fquare  root  of  ,0000316969  ?  AnJ\  ,00563. 

7th.  What  is  the  fquare  root  of  ,045369  ?  Anf.  ,213, 


RULES   for    the    SQUARE     ROOT    of    VULGAR     FRAC 
TIONS    and   MIXED    NUMBERS. 

After  reducing  the  fraction  to  its  lowefi  terms,  for  this  and 
all  other  roots  ;  then, 

i  ft.  Extraft 
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i  ft.  Extraft  the  root  of  the  numerator  for  a  new  numerator,  and 
the  root  of  the  denominator  for  a  neu  denominator,  which  is  the 
befl  method,  provided  the  denominator  be  a  complete  power,, 
But  if  it  be  not, 

sd.  Multiply  the  numerator  and  denominator  together  ;  and 
the  root  of  this  product  being  made  the  numerator  to  the  denom 
inator  of  the  given  fraction,  or  made  the  denominator  to  the  nu 
merator  of  it,  will  form  the  fractional  part  required.*  Or, 

3d.  Redtfce  the  vulgar  fraction  to  a  decimal,  and  extract  its 
root. 

4th.  Mixed  numbers  mav  either  be  reduced  to  improper  frac 
tions,  and  extracted  by  the  firft  or  fecond  rule,  or  the  vulgar 
fraction  may  be  reduced  to  a  decimal,  then  joined  to  the  integer, 
and  the  root  of  the  whole  extracted. 

EXAMPLES, 
I  ft.  What  is  the  fquare  root  of  •%$%?  ? 
By  Rult  i. 

==  TT!T  16(4  root  °J  the  numerator. 

16 

1681(41  root  of  the  denominator. 
16 

8  1  )8  1    Therefore,  £T  rz  the  root  of  the  given  frafti  en, 
81 

By  Rule  2. 
16X1681=126896,  and  ^26896=164.     Then, 


1681)16(0005181439-!-.     And  v/5°°95l8i439  =  j 

fid.  What  is  the  fquare  root  of  |f||  ?  Anf.  JL. 

3d.  What  is  the  fquare  root  of  41  ?  Anj  bj. 

Note.  In  extr^fting  the  fquare  or  cube  root  of  any  furd  num 
ber.  there  is  always  a  remainder  or  fraction  left,  when  the  root 
is  found.  To  find  the  value  of  which,  the  common  method  is, 
to  annex  pairs  of  cyphers  to  the  refolvend,  for  the  fquare,  and 
ternaries  of  cvphers  to  that  of  the  cube,  which  makes  it  tedious  to 
difcover  the  value  of  the  remainder,  efpecially  in  the  cube, 
whereas  this  trouble  might  be  faved  if  the  true  denominator 

could  be  difcovered. 

Now, 

*  That  is,  fuppofe  a  =  7,  and  I  =  2.  the  rule  may  be  thus  expreffed  :  ^  .__= 


*J  ab  a  7  __\^7Xg_       7  , 

~~7=~tnTb.     Or,  numerically  thus  :  ^7""        2    -=  (T^Xa  =:  *'   7"*"'  *T 
this  rule  will  ferve  whether  the  root  be/»i'kor  infinite. 
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Now,  all  numbers  whatever,  which  are  to  b.e  extracted  by  the 
fquare  or  cube,  contain  in  themfelves  their  own  fractions,  and 
their  own  denominators  ;  but  neither  of  them  can  be  known  till 
an  operation  has  taken  place,  when  they  are  feparated,  and  the 
fractions  plainly  appear.  For,  as  in  divifion  the  divifor  is  always 
the  denominator  to  its  own  fra.&ion,  fo  likewife  it  is  in  the  fquare 
and  cube,  each  of  their  divifors  beifig  the  denominators  to  their 
own  particular  fractions  or  numerators. 

•  In  the  fquare,  the  quotient  is  always  doubled  for  a  new  divi 
for  ;  therefore,  when  the  work  is  completed,  the  root  doubled 
is  the  true  divifor  or  denominator  to  its  own  fraftion  ;  as,  if  the 
root  be  12,  the  denominator  will  be  24,  to  be  placed  under  the 
remainder,  which  vulgar  fraction,  or  its  equivalent  decimal,  muft 
be  annexed  to  the  quotient,  or  root,  to  complete  it.* 

If  to  the  remainder,  either  of  the  fquare  or  cube,  cyphers  be 
annexed,  and  divided  by  their  refpeftive  denominators,  the  quo 
tient  will  produce  the  decimals  belonging  to  the  root. 


APPLICATION  AfcD  USE  o*  THE  SQUARE  ROOT. 


PR  OB.  I.   To  find  a  mean  proportional  between  two  numbers. 

RULE.  Multiply  the  given  numbers  together,  and  extract  the 
fquare  root  of  the  product  ;  which  root  will  be  the  mean  pro 
portional  fought. 

E    X    A    M    P     L    E. 

What  is  the  me?n  proportional  between  24  and  96  ? 

-^96x24:11:48  Anfwtr* 

PROS.  II.  To  Jind  the  fide  of  a  fquare  equal  in  area  to  any  given 
fuperficies  whatever. 

RULE.  Find  the  area,  and  the  fquare  root  is  the  fide  of  the 
fquare  fought. 

EXAMPLES. 

ift.  If  the  area  of  a  circle  be  184,125,  What  is  the  fide  of  a 
fquare  equal  In  area  thereto  ?  . 

V  »  *4>  *  25^=  1  3»569-f  Anfwer. 

2d.   If  the  area  of  a  triangle  be  160,  What  is  the  fide  of  a  fquare 

equal  in  area  thereto  ?  y'  160—1  2,6494-  Anjwer. 

PROB.   111.  A  certain  general  has  an  army  of  5625  men  ;  pray 

How  many  muft  he  place  in  rank  and  file,  to  form  them   into  a 

fquare  ?  V  5625—  75  Anfwer.i 

PROB.   IV. 

*  Although  thdfe  denominators  give  a  fmall  matter  too  much  in  the  fquare  root, 
and  too  little  in  the  cube,  yet  they  will  be  fufficient  in  comKiou  ufe,  and  are  much 
TJiore  expeditious  thart  the  operation  with  cyphers. 

t  If  you  would  have  the  namber  of  men  be  double,  triple,  or  quadruple,  &c.  as 
many  in  rank  as  in  file,  ?xtrac>  the  fquare  root  of  f,  -|,  £,  &c.  of  the  given  number 
of  men,  and  that  will  be  the  number  of  men  in  file,  which  double,  triple,  quadru 
ple,  &c,  and  the  product  witi  be  the  number  in  rank, 
Cc 
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PR  OB.  IV.  Let  10952  men  be  fo  formed,  as  that  the  number  in 
rank  may  be  double  the  file. 


:74  in  fiiCj  ail(j  74x2=148  in  rank,. 

PROS.  V.  If  it  be  required  to  place  2016  men  fo  as  that  thers 
may  be  56  in  rank,  and  36  in  file,  and  to  ftand  4  feet  diitance  in. 
rank,  and  as  much  in  file,  Plow  much  ground  do  they  ftand  on  ? 

To  anfwer^lhis,  or  any  of  the  kind,  yfe  the  following  propor 
tion  :  As  unity- J  to  the  diftance,  ::  fo  is  the  number  in  rank'lefs 
by  one  *  to  a  fouith  number  ;  next,  do  the  fame  by  the  file,  and 
multiply  the  tvro  numbers  together,  found  by  the  above  propor 
tion,  and  the  produft  will  be  the  anfwer.* 

As  i  *  4  ::  56  —  i  t  220.  And,  as"  i  J  4  :-££&  -~  i  *  140. 
Then,  220X140=30800  fquare  feet,  the  Anjwcr. 

PR  OB.  VI.  Suppofe  I  would  fet  out  an  orchard  of  600  trees, 
fo  that  the  length  fhall  be  to  the  breadth  as  3  to  2,  and  the  dif 
tance  of  each  tree,  one  from  the  other,  7  yards  ;  Mow  many 
trees  muft  it  be  in  length,  and  how  many  in  breadth  ?  and,  How 
many  fquare  yards  of  ground  do  they  ftand  on  ? 

To  refolve  any  queftion  of  this  nature, fay,  as  the  ratio  in  length 
I  is  to  the  ratio  in  breadth  t !  f o  is  the  number  of  trees  *  to  a 
fourth  number,  wJiofe  fquare  root  is  ythe  number  in  breadth. 
And  as  the  ratio  in  breadth  J.  is  to  the  ratio  in  length  : :  fo  is  th<5 
number  of  trees  t  to  a  fourth,  whofe  root  is  the  number  in  length. 

As  3  J  2  f.  600  *  400.    And  ^  400  r±  zQmnumber  in  breadth. 

As  2:3::  600  *  900.     And  <\J  900  rr  30  '—  number  4n  length. 

As  i  J  7  ::  30  —  i  *  203.  And,  as  i  ;  7  ::'  20  —  i  +  to  133, 
And  203  X  133  =  26999  fquare  yards,  the  Anjwer. 

PR  OB.  VII.  Admit  a  leaden  pipe  J  inch  diameter  will  fill  a 
ciftern  in  3  hours  ;  I  demand  the  diameter  of  another  pipe  which 
will  fill  the  fame  ciftern  in  i  hour. 

RuLE.t  As  the  given  time  is  to  the  fquare  of  the'given  diam 
eter,  fo  is  the  require-d  time  I  to  the  fquare  of  the  required  di 
ameter.  I— ,7s  5  ar-d,75X575— ,5625«  Then^gA.  *  ,5625  :: 
lh.  I  I96$j5iriver/cfy9  and  <\f  1,6875^:1,3  inch  near Iy9  Anf. 

PROP.  VIII.  If  a  pipe,  whofe  diameter  is  1,5  inch,  fill  a  cif 
tern  in  5  hours,  In  what  time  will  a  pipe,  whofe  diameter  is  3,5 
inches  fill  the  fame  ? 

1.5 

*  The  above  rule  will  be  found  ufeful  in  planting  trees,  having  the  diftance  o* 
ground  between  each  given. 

+  The  areas  of  circles  are.to  one  another  as  the  fquares  qf  their  diameters. 

The  area  of  a  circle  is  the  fame  as  the  fupfcrficial  content. 

The  circumference  and  periphery  are  the  fame  thing. 

The  diameter  of  a  circle  is  a  line  drawn  through  the  centre  from  one  fide  of  the 
circumference  to  the  other,  and  is  the  longeft  Jiftc  that  can  be  drawn  acrofsa  circle. 

The  centre  of  a  circle  is  the  point  round  which  the  circle  is  defcribed. 

Rote.  For  the  meafuring  of  a  circle  and  its  parts,  fee  Menfuration  of  SuperficicSj 
from  Art.  izth  to  Art,  a6th  and  the  Nofe. 
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.  3,5  X3,5—  12,25-     Then>  as  2>25  *  5  '.: 

£2,25  ;  ,9183  hour,  'inuerfdy,  —55  wdn.  $jec.  Anfwfr. 

PROB.  IX.  If  a  pipe  6  inches  bore,  will  be  4  hours  in  running 
off  a  ceitain  quantity  of  watei,  In  what  time  will  3  pipes,  each 
4  inches  bore,  be  in  difcharging  double  the  quantity  ? 

6x6—36.  4X4~*6>  'and  i6x  3'=4B.>  Then,  as  36  J  A/i.  ;: 
48  ;  3/i.  mverfcly,  and  as  ia».  *  3/1.  ::  2&>.  I  6A.  Anjiw. 

PROB.  X.  Given  the  diameter  of  a  circle  to  make  another  cir 
cle,  which  ftiall  be  2,  3,  4,  &c.  times  greater  or  lefs  than  the  giv 
en  circle. 

RULE.  Square  the  given  diameter,  and  if  the  required  circle 
be  greater,  multiply  the  fquare  of  the  diameter  by  the  given  pro-" 
portion,  and  the  root  .of;  the  product  will  be  the  required  diame 
ter.  But  if  the  required  circle  be  lei's,  divide  the  iquare  of  the 
diameter  by  the  given  proportion,  and  the  root  of  tne  quotient 
will  be  the  diameter  required. 

There   is  a  circle   whole  diameter  is  4  inches  ;   1  demand   thc? 
diameter  of  a  circle  3  times  as  large  ? 

4X4~*6  ;  and  16x31^:48  ;  and  v'  48—6,9  a8-j-  inches,  Anf. 

PROB.  XL  To  find  the  diameter  of  a  circle,  equal  in  area,  to 
anelllpfis,  (or  oval)  whole  tranfverie  and  conjugate  diameters 
are  given.* 

Ru'LE.  Multiply  the  two  diameters  of  the  ellipfis  together,  and 
the  iquare  root  of  that  product  will  be  the  diameter  of  a  circle, 
equal  to  the  ellipfis, 

Let  the  tranfverfe  diameter  of  an  ellipfis  be  48,  and  the  con  jit-* 
gate.,  36  ;  What  is  the  diameter  of  an  equal  circle  ? 

48X36—172^,  and  ^1728—41.  569-4-  the  Anf. 

Note,  Tjhe  f  qua  re  of  the  hypothenufe,  or  the  longeft  fide  of  a 
right  angled  triangle,  (by  47th  B.  i.  Euc.)  is  equal  to  the  fum  of 
the  fquares  of  the  other  two  fides  ;  and  conieqaentiy  the  differ 
ence  of  the  fquares  of  the  hypothenufe  and  eaher  of  the  other 
fides  is  the  fquare  of  the  remaining  iide. 

PROB.  Xil.  A  line  36  yards  long  will  exactly  reach  from  the 
top  of  a  fort  to  the  oppoiite  bank  of  a  river,  known  to  be  24 
yards  broad.  The  height  of  the  wall  is  required  ? 

36X36—1296;  and  24x24=576.  Then,  1296—576—720, 
and  -y/72Q~2b,83-|-jytfn?.y,  the  An/wer.  - 

PROB.  XIII.  The  height  of  a  tree,  growing  in  the  centre  of  a 
circular  ifland  44  feet  in  diameter,  is  75  feet,  and  a  line  flretched 
from  the  top  of  it  over  to  the  hither  edge  of  the  water,  is  256 
feet.  What  is  the  breadth  of  the  ftream,  provided  the  land  on 
each  fide  of  the  water  be  level  ? 

256 

tt  The  tmnfverfe  and  conjugate  are  the  longeft  and  fhortefl  diameters  of  an  ellir)}> 
i  they  pals  through  the  cwitre,  aact  giof?  each  gthsr  aj  right  angle?, 
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256X256=:65536  5    and  75X75=5625  :    ^^65536—5625— 
59911  and  ^  59911—244764-  &nd.  24476 —  11  ~z 2 2 76  feet,  Anf. 

PR  OB.  XIV.  Suppofe  a  ladder  60  feet  long  be  fo  planted  as  to 
reach  a  window  37  feet  from  the  ground,  on  one  fide  of  the  ftreet, 
and  without  moving  it  at  the  foot,  will  reach  a  window  23  feet 
high  on  the  other  fide  ;  I  demand  the  breadth  of  the  ftreet  r1 

60X60=^:3600.  37X37—1369.  23X23^=529:  Then,  3600-^ 
1369^1:2231,  and-  -^2231:^:47.234-,  and  3600 — 529:1:3071,  and 
^307*— 55,414-,  then,  47,234-55. 4imOz,64/<^,  the  anjuer. 

PROB.  XV.  Two  (hips  fail  from  the  fame  port  ;  one  goes  due 
north  45  leagues,  and  the  other  due  weft  70  leagues  :  How  far 
are  they  afunder  ?* 

45X45—2025.  76X76—5776.  Then,  5776^2025—7801  and 
-1/7801.11:88,32  leagues ,  the  anjwer. 

EXTRACTION    of  the    CUBE    ROOT. 

A  Cube  is  any  number  multiplied  by  its  fquare.  To  extraft 
the  cube  root,  is  to  find  a  number  which,  being  multiplied  into 
its  fquare,  ftiall  produce  the  given  number. 

FIRST    METHOD. 

RULE. 

•fi.  Separate  the  given  number  into  periods  of  three  figures 
each,  by  putting  a  point  over  the  unit  figure,  and  every  third 
figure  beyond  the  place  of  units. 

2.  Find  the  greateft  cube  in  the  left  hand  period,  and  put  its 
root  in  the  quotient. 

3.  Subtract  the  cube,  thus  found,  from  the  faid  period,  and  to 
the  remainder  bring  down  the  next  period,  and  call  this  the  div 
idend. 

4.  Multiply  the  fquare  of  the  quotient  by  300,  calling  it  the 
triple  fquare,  and  the  quotient  by  30,  calling  it   the  triple  quo 
tient,  and  the  fum  of  thefe  call  the  divifor. 

5.  Seek  how  often  the  divifor  may  be   had  in  the  dividend, 
and  place  the  refult  in  the  quotient. 

6.  Multiply  the  triple  fquare  by  the  laft  quotient  figure,  and 
write  the  product  under  the  dividend  ;  multiply  the  fquare  of  the 

*-   -X-  laft 

*  The  fquare  root  may  in  the  fame  manner  be  applied  to  navigation  ;  and,  when 
deprived  of  other  means  of  folving  problems  pf  that  nature,  the  following  propor 
tion  will  ferve  to  find  the  courfe. 

As  the  fum  of  the  hypothenufe  (or  diftance)  and  half  the  greater  leg  (whether  dif 
ference  of  latitude  or  departure)  is  to  the  lefs  leg  ;  lo  is  86,  to  the  angle  oppofite 
the  lefs  leg. 

•f  The  reafon  of  pointing  the  given  number,  as  dircftcd  in  the  rule,  is  obvious 
from  Coroll..  2,  to  the  Ltmma  made  ufe  of  in  demonftrating  the  fquare  reou 
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laft  quotient  figure  by  the  triple-quotient,  and  place  this  prcduft 
under  the  lafl  ;  under  all,  fet  the  cube  of  the  lail  quotient  figure 
and  call  their  fum  thejubtrahcnd. 

7.  Subtract  the  fubtrahend  from  the  dividend,  and  to  the  re 
mainder  bring  down  the  next  period  for  a  new  dividend  with 
which  proceed  as  before,  and  fo  on  till  th*.  whole  be  finiihed. 

Mote.  The  fame  rule  muft  be  obferved  for  continuing  the  ope 
ration,  and  pointing  for  decimals,  as  in  the  Iquare  root*     * 
EXAMPLES. 

ift.  Required  the  cube  root  of  436036824287  ? 

43683682^287(7583  root.  7X7X300— 
343  7X3°          = 

.  Dividend. 

i470oX5=        735CO 
6X5X210=:          5250 

125  5X5X5     =  125 

78875=17?.  Subtrahend.  78875=1^.  SiAtra. 

fid,  Z>».=:i68975o)i4i6i824=24.  Divid.  75X75X3°e=   1687500—  id.  Tri.  //, 

.....  75X3°          r~r         z25O~zd.do.guot 
13300000  -- 

144000  1689-50=2^.  Divif< 

Si2 

•  -  1687500x8=13500000 

13644512=2^.  Subtra.       2250X8X8=     144000 

t  ---         f  8X8X8       =          5ia 

•yd.Div.  1=17239  1940)51  731  2287=3</./>zWaf.  - 

---  13644512^:2^.  Sultro* 

$17107600 
204660 


27  758X30  22740=3^. 

=3£/.  Subtrah*  172391940^:3^.  Divifcr* 

........  172369200X3=517107600 

72740X3X3  ==      204660 
3X3X3  =  27 

5  1  731  2  z  87=3  J.  Subtr*. 

ad.  What  is  the  cube  root  of  34965783  ?  AnJ.  327. 

3d.  What  is   the  cube  root  of  84,604519  ?  An/.  4,39. 

4th.  What  is  the  cube  root  of  ,008649  ?  Anf.  ,2052-4-, 

5th.  What  is  the  cube  root  of  -|-f!  ?  Art/.  £. 

Tojind  the.  true  denominator,  to  be  placed  under  the  remainder,  after 

the  operation  is  Jinif/icd. 

In  the  extraction  of  the  cube  root,  the  quotient  is  fi»id  to  be 
fquared  and  tripled  for  a  new  divifor  ;  but  is  not  really  fo,  till 
the  triple  number  of  the  quotient  be  added  to  it,  therefore  when 
the  operation  is  finifhed,  it  is  but  fquaring  the  quotient,  ov  root, 

then 
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then  multiplying  it  by  3.  and  to  that  number  adding  the  triple 
number  of  the  root,  when  if  will  become  the  divifor,  or  true  de 
nominator  to  its  own  fraction,  which  fraction  muft  be  annexed 
to  the  quotient,  to  complete  the  root. 

Suppofe  the  root  to  be' 12,  when  fquared  it.  will  be  144,  and 
multiplied  by  3,  it  makes  432,  to  which  add  36,  the  triple  num 
ber  of  the  root,  and  it  produces  468  for  a  denominator** 

SECOND    METHOD. 
RULE. 

i 

1.  -Having  pointed  the  given   number  into  periods  of  three 
figures  each,  find  the  greateft  cube  in  the  left  hand  period,  fub~ 
trading  it  therefrom  and  placing  its  root  in  the  quotient ;  to  the. 
remainder  bring  down   the  next  period  and  -call  it  the  dividend. 

2.  Under   this   dividend  write  the  triple  fquare  of  the  root,  fo 
that  units  in  the  latter  may  ftand  under  the  place  of  hundreds  in 
the  former  ;  and  under   the  faid  triple   fquare,  writ£  the  tiiple 
root,  removed  one  place  to  the  right   hand,  and  call  the  fum  of 
thefc  die  divifor. 

3.  Seek  how   often   the  divifor  may  be  had  in  the  dividend, 
cxclufiveof  the  place  of  units,  and  write  the  refultin  the  quotient. 

4.  Under  the  divifor  write   the  produtt  of  the  triple  fquare 
of  the  root  by  the  laft   quotient-figure,  fetting  down   the  unit's 
place  of  this  line,  under  the  place  of  tens -in  the  divifor  ;  under 
this  line,  write  the  product  of  t^e  triple  root   by  the  fquare  of 
the  laft   quotient-figure,  fo  as  to    be  removed   one  place    beyond 
the  right  hand  figure  of  .the  former  ;  and,  under   this  line,  re 
moved  one  place  forward  to  the  right  hand,  write  down  the  cube 
of  the  laft  quotient-figure,  and  call  their  fum  the  Subtrahend. 

5.  Subtract    the  fubtrahend  from  the   dividend^  and  to  the 
remainder  bring  down  the  next  period  for  a  new  dividend,  with 
Which  proceed  as  before,  and  fo  on  until  the  whole  be  liniftied. 

EXAMPLE* 

*  It  may  not  be  a-mifs  to  remark  here,  that  the  denominators,  both  of  the  fquare 
and  cube,  fhew  how  many  numbers  they  are  denominators  to,  that  is,  what  num. 
bers  are  contained  between  any  fquare  or  cube  number  an4  the  next  iucceeding 
fquare  or  cube  number,  exclufive  of  both  numbers,  for  a  complete  number,  of 
either,  leaves  no  fra^tiont  when  the  root  is  extracted,  and  confequently  has  no  ufe 
for  a  denominator,  but  all  the  numbers  contained  between  them  have  occafion  for 
it  :— Suppofe  the  fquare  root  to  be  12,  then  its  fquare  is  144,  and  the  denominator 
34,  which  will  be  a  denominator  to  all  the  fucceding  numbers,  until  we  come  to 
the  next  fquare  number,  viz.  169,  whofe  root  rs  13,  with  which  it  has  nothing  to 
do,  for  between  the  fquare  numbers  144  and  169  are  contained  24  numbers,  ex 
cluding  both  the  fquare  numbers.  It  is  the  fame  in  the  cube  ;  for,  fuppofe  the 
root  to  be  6,  the  cube  number  is  216,  and  its  denominator  126  will  bea  denom 
inator  to  all  the  fucceeding  numbers,  until  we  come  to  the  next  cube  number,  viz. 
343,  wkofe  root  is  7,  with  which  it  has  nothing  to  do,  as  ceafmg  then  to  be  a  de 
nominator  j  for  between  the  cube  343  and  216  are  126  numbers,  excluding  botk 
cubes.  And  fo  it  is  with  all  other  denominators,  either  ia  the  f^uwc  Qi  cube, 
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-  E    X    A    M     P     L    E, 

Required  the  Cube  Root  of  16194277  ? 


— -  Firft  dividend. 

• 

: —  Triple  fquare  of  2. 

—  Triple  of  2. 

zz  Firft  divifor. 

zz  Triple  fquare  of  2  multiplied  by  5.. 

—  Triple  of  2  multiplied  by  the  fquare  of  5, 
-— -  Cube  of  5. 

zz  Firft  Subtrahend. 
56^77  zz  Secon4  cHvidend. 

1875       zz  Triple  fquare  of  25. 
75     zz  Triple  of  "2-5. 

18825     zz  Second  divifor. 

5625       —  Triple  fquare  of  2^  multiplied  by  3. 

675     —  Triple  of  25  multiplied  by  the  fquare"  of  g. 
27  zz  Cube  of  3, 

569277  zz  Second  Subtrahend. 

FIRST  METHOD' Jy   APP  ROXI  M  A  T  IJO]  N. 
RULE. 

1.  Find,  by  trial,  a  cube  near  to  the  given  number,  and  call  it 

cube. 

2.  Then,   as  twice  time  fuppo  fed  cube,  added  to  the  given  num 
ber,  is  to  twice  the  given  number,  added  to  ihc^fiippofed  cube,  fo 
is  the  root  of  the  Juppofcd  cube,  to  the  true  root,  or  an  approxi 
mation  to  it. 

3.  By  taking  the  cube  of  the  root,  thus  found,  for  thefuppofed 
cube,  and  repeating  the  operation,  the  root  will  be  had  to  a  great 
er  degree  of  exaftnefs. 

EXAMPLES. 

It  is  required  to  find  the  cube  root  of  54854153  ? 

L:t 
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Let  64000000  m:  fuppofed  cube,  whofe  root  is  400  » 
Then,  64000000  54^54*53 


2 


128OOOOOO  100708306 

54854*53     64000000 


As  182854153  :  173708306  ::  400 

400 

182854153)69483322400(379  rr  root  nterly. 
Again,  let  54439939  =±  fuppofed  cube,  whofe  root  is 
Then,  54439939  54854153 

&  2 


10887^878     109708306 
54439939 


AS  163734031  *  ^64148245  ::  379 

379 


* 


1149037715 
49M44735 


root  cotm 

SECOND  METHOD  by   APPROXIMATION, 
RULE. 

1.  Divide  the  refolvend  by  three  times  the  affumed  root,  and 
referve  the  quotient. 

2.  Subtract  one  twelfth  part  of  the  fquare  of  the.afTumed  root 
from  the  quotient. 

3.  Extract  the  fquare  root  of  the  remainder. 

4.  To  this  root  add  one  half  of  the  affumed  foot,  arid  the  fum 
will  be  the  true  root,  or  an  approximation  to  it  ;  take  this  ap 
proximation  as  the  affumed  root,  and,  by  repeating   the  procefs, 
a  root  farther  approximated  will  be  found,  which  operation  may 
be  farther  repeated,  as  often  as  neceffary,  and  the  root  difcover- 
ed  to  any  afligned  exaftnefs. 

Note.  In  order  to  find  the  value  of  the  fir  ft  affumed  root,  in 
this  or  any  other  power,  divide  the  refolvend  into  periods  by  be 
ginning  at  the  place  of  units,  and  including  in  each  period,  fo 
many  figures  as  there  are  units  in  the  exponent  of  the  root  ;  viz. 
3  figures  in  the  cube  root  ;  4  for  the  biquadrate,  and  fo  on  ; 
then,  by  a  table  of  powers,  or  otherwife,  find  a  figure,  which  (be 
ing  irwolvcd  to  the  power  whofe  exponent  is  the  fame  with  that 

of 
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of  the  required  root)  is  the  nearefl  to  the  value  of  the  firft  peri 
od  of  the  r'efol'vend  at  the  left  hand,  and  to  that  figure  annex  fo 
many  cyphers  as  there  are  periods  remaining  in  the  integral  part 
of  the  refolvend  ;  this  figure,  with  the  cyphers  annexed,  will  be 
the  affumed  root,  and  equal  to  r  m  the  theorem  ;  and  it  is  of  no 
importance  whether  the  figure  thus  chofen  be,  when  involved, 
greater  or  lefs  than  the  left  hand  period,  as  the  theorem  is  the 
fame  in  both  cafes. 

ift.  What  is  the  cube  root  of  436036824287  ? 
7600  m  affumed  root. 
3 

21.000)436036824287(20763658,2994 
Subtratt  7OOOX  7ooo-rl2~4°83333;3333 

1/16680324,9661  ~  4084,15 
Add  i  the.  ajjumtd  root  —  3500 

And  it  give*  the  approximatad  root  —  7584,15' 

For  the  fecond  operation,  ufe  the  approximated  root  as  the  af- 
fumed  one,  and  proceed  as  above. 

THIRD  METHOD  by    APPROXIMATION. 

1.  Affume  the  root  in  the  ufual  way,  then  multiply  the  fquare 
of  the  affumed  root  by  3,  and  divide  the  refolvend  by  this  prod- 
fcdl:  ;  to  this  quotient  add  |.  of  the  affumed  root,  and  the  fum  will 
be  the  true  root,  or  an  approximation  to  it. 

2.  For  each    fucceeding  operation   let  the  laft  approximated 
root  be   the  affurncd  root,  and,  proceeding  in  this  manner,  the 
root  may  be  extracted  to  any  affigned  exaftnefs. 

I  ft.    What  is  the  cube  root  of  7  ?      _ 

Let  the  affumed  root  be  2.     Then,  2X2X3=112  the  divifor. 
*»)7»?(>583'  to  this  add  §  of  2—1,333,  &t.  that  is,  ,5834-1,333 
^11,916  approximated  root. 

Now  affume  1,916  for  the  root.     Then,  by  the  fecond  proccfs, 

the  root  is  —  =====  2+fX  1,916^=1,9126,  &c. 
3X',9i6 

2d.  What  is  the  cube  root  of  9  ?     Let  2  be  the  affumed  root 
as  before.     Then,  TJ+fX  2^=2,08  the  approximated  root.  Now 


affume  2,08.    Then,  —  =  2-f-|x  ^,obzz:2,  08008,  &c. 
3X  '^jOc> 

3d.  What  is  the  cube  root  of  282  ?  -  Let  6  be  the  affumed 
root.  Then,  6x6x3—108)282(2,611,  &c.  and  2,61  i-f-f  of  6zT 
6.  61  1  approximated  root.  Now  affume  6,611,  and  it  will  be 
6,611x6,611X3—131,116)282(2,1507,  &c..  *nd  2315074-!  ©f 
63611^1:6,558  a  farther  approximated  root, 

D  d    J  4th.  What 
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4th.  What  is  the  cube  root  of  1728  ?- Here  the  a  (Turned  roo? 

is  10.     Then,  10X10X3=300)1728(5,76.  and  5,764-!  of   io~ 

12,426. Now    aflame    12,426,  then     12,426x12,426x3" 

463, 216428)1728(3,732,  and 3.732+1  of  12,426— 12,014  a  farther 
approximated  root,  and  fo  on, 

APPLICATION  and  USE  of  the  CUBE  ROOT. 

1.  To  End  two  mean   proportionals  between   any  two  given 
numbers. 

RULE. — i.  Divide  the  greater  by  the  lrfst  and  extn;£l  the  cube 
root  of  the  quotient. 

2.  Multiply  the  root,  fo  found,  by  the  lead  of  the  given  num 
bers,  and  the  product  will  be  the  Uttji. 

3.  Multiply  this  product  by  the  fame  root,  and  it  will  give  the 
greateft. 

EXAMPLES. 

ift.  What  are  the  two  mean  proportionals  between  6  and  750  ? 

75O-:-6zzi25,  and  -v/i25~5-     Then,  5x6— somleaft,  and  30 
X5~i5Cnrgreateft.     AnJ.  30  and  150. 

Proof.  AS  6  :  30  ::  150  : 750. 

ad.  What  are  the  two  mean  proportionals  between  56  and 
12096?  AnJ.  336  and  2016. 

Note.  The  folid  contents  of  (imilar  figures  are  in  proportion  to 
each  other,  as  the  cubes  df  their  fimilar  fides  or  diameters. 

3d.  If  a  bullet  6  inches  diameter  weigh  32^,  What  will  a  bul 
let  of  the  fame  metal  weigh,  whofe  diameter  is  3  inches  ? 

6x6x6=216.    3X3X3=27.    As  216  ;  32ft  ::  27  ;  4ft  Anf. 

4th.  If  a  globe  of  filver  of  3  inches   diameter,  be  worth  £^45, 
What  is  the  value  of  another  globe,  of  a  foot  diameter  ? 
3X3X3—27'  12X12X12—1728.  As  27;  45::  1728;  £2880 /fw/. 

The  fide  ef  a  cube  being  given,  to  find  the  fide  of  that  cube, 
which  fhall  be  double,  triple,  &c.in  quantity  to  the  given  cube. 

RULE. — Cube  your  given  fide,  and  multiply  it  by  the  given  pro 
portion  between  the  given  and  required  cube,  and  the  Cube  root 
of  the  product  will  be  the  lide  fought. 

5th.  If  a  cube  of  filver,  whofe  fide  is  4  inches,  be  worth  ^50, 
I  demand  the  fide  of  a  cube  of  the  like  filver,  whofe  value  fhall 
be  4  times  as  much  ?  3 

4X4X4=64,  and  64x4=256.    \?  256—6,3494.  inches,  Anf. 

6th.  There  is  a  cubical  veffel,  whofe  fide  is  2  feet,  I  demand 
the  fide  of  a  veflel,  which  fhall  contain  three  times  as  much  P 

2X  2X  2rz89  and  8x  3=24.     ^ 24:1:2,884— 2/£.  iQfwicA.  Anf. 

yth.  The  diameter  of  a  bufhel  meafure  being  i8|  inches,  and 
the  height  8  inches,  I  demand  the  fide  of  a  cubic  box,  which  fliall 
contain  that  quantity  P  Anf.  12,908  inches* 

8th.  Suppofc 
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8th,  Suppofe  a  fliip  of  500  tons  has  89  feet  keel,  36  feet  beam, 
.sn4  is  16  feet  deep  in  the  hold  ;  What  are  the  dimen  lions  of  a, 
fliip  of  2'JO  tons,  of  the  fame  mould  and  fhape  ? 
89x89x89—  704960—  cubed  keel. 

As  500  I  200  :  :  704969  J  281987,6  cube  of  the  required  keel. 

^281987.  6—65.57  feet  the  required  keel. 

As  89  J  65,57  :*.  36  J  26,522—26-*-  feet,  beam,  nearly. 

As  89  *  65,57  ••  *6  *  11>7  feet»  depth  of  the  hold. 

gth.  From  the  proof  of  any  cable  to  find  the  ftrength  of  any 
other. 

RULE.  —  The  ftrength  of  cables,  and  confequently  the  weights 
'of  their  anchors,  are  as  the  cubes  of  their  peripheries. 

If  a  cable,  12  inches  about,  require  an  anchor  of   18  Cwt.  Of 
what  weight  mult  an  anchor  be,  fora  15  inch  cable  ? 
x  Cwt.  Cut. 

As  lax  12x12  ;  18  ::  i5X  15X15  *  35»l56a5  A"J. 

toth.If  a  15  inchcible  require  an  anchor  35,15625  Czut.  :  :  What 
muft  the  circumference  of  a  cable  be,  for  an  anchor  of  18  CW.  8 

As  35,15625  :  15X^5X15  >'•  l8  :  1728,  and  ^1728—12  Anf. 
EXTRACTION  of  the  BIQUADRATIC  ROOT. 

RULE. 

^xtraft  the  fquare  root  of  the  refolvend,  and  then,  the  fquarc 
toot  of  that  root,  and  you  will  have  the  biquadrate  root. 
J^Vhat  is  the  biquadrate  root  of  20736  ? 

20736(144  J44(12  root 


24)107  -5)44 

96  44  . 

284)1136 
1136 

Tzuo  Methods  of  ex  tratting  the  Biquadrate  Root  by  Approximate  .*. 
according  to  the  two  General  Theorems/or  extraSing  the  roots  of  nli 
powers,  in  pages  214  and  216. 

RULE      I. 

1.  Divide  the  refolvend  byfx  times  the  fquare  of  the  afTumcrd 
root,  and  from  the  quotient  fubtraft  ^  part  of  the  fquare  of  the 
affumed  root. 

2.  Extraft  the  fquare  root  of  the  remainder. 

3.  Add  -|  of  the  aflumed  root  to  the  fquare  root,  and  the  furr* 
be  the  true  root,  or  an  approximation  to  it. 


ai2       EXTRACTION  OF  THE  SURSOLID  ROOT. 

4,  For  every  fucceeding  operation)  cither  in  this  or  the  fol 
lowing  method)  proceed  in  the  fame  manner,  as  in  the  firft,  each 
time  ufing  the  laft  approximated  root  for  the  affumed  root, 

*  • 

The  biquadrate  root  of  20736  is  required. 
Here  10  is  the  ajjumed  root. 
lOX  10x6—600)20736(34,56 
.  Subtract.  ioX  lO~i8  ~  5.5555 


Add  f  of  10   ~6,66 

Approximated  root  12,04,  To  be  made    the  afume^ 

root  for  tht  next  operation. 

RULE     II. 

Divide  the  refolvend  by  fcur  times  the  cube  of  the  aflumed 
root  :  To  the  quotient  add  three  fourths  of  the  alTurned  root,  and 
the  fum  will  be  the  true  root,  or  an  approximation  to  it. 

Let  the  biquadrate  of  20736  be  required,  as  before  ? 
The  affumed  root  is  10. 
jO  X  10  X  10X4=4000)  20736(5,  184 

Add  i  of  10—7,5 

Approximated  root  12,684,  To  be  made  the  affumed  root 
for  the  next  operation. 

EXTRACTION  of  the  SURSOLID    ROOT*?  AP- 
PROXIMATION. 

A  particular  RULE.* 

1.  Divide  the  refolvend  by  Jive  times  the  affumed  root,  and  to 
the  quotient  add  one  twentieth  part  of  the  fourth  power  of  the 
fame  root. 

2.  From  the  fquare  root  of  this  fum  fubtracl;  one  fourth  part  of 
the  fquare  of  the  affumed  root. 

3.  To  the  fquare  root  of  the  remainder  add  one  half  of  the  af 
fumed  root,  and  the  fum  is  the  root  required,  or  an  approxima 
tion  to  it. 

Note.  This  Rule  will  give  the  root  true  to  jive  plaaes,  at  the 
leaft,  (and  generally  to  eight  or  nine  places)  at  the  firft  procefs. 

Required 


*  r-J-f 
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•  •  •* 

Required  the  furfolid  root  of  2819506^1875? 

2co  ~~~  affam'cd  rcot9 

5 

lOOOx    28:950621,875  quotient. 
Add  2ooX  2.QOX  aoox  -soo-r  20/=z8oooocoo 


95062  1  ,875—1  9025  nearly, 
Sublratt       200  X  290—4^1:10000 

1/9015^:95 

v&fcf  ha  if  the  a/fumed  root      —  100 

Required  root  195 

4  .C«i<?ra/  R  U  L  E  /or  EXTRACTING  /As  ROOTS 
y  <ztf  P  O  W  E  R  S. 

RULE. 

*i.  Prepare  the  given  number,  for  extraction,  by  pointing  off 
from  the  unit's  place,  as  the  required  root  direfts. 

2.  Find  the  nrft  figure   of  the  root  by  trial,  or   by  infpeftion 
into  the  table  of   powers,  and    fubtracl  its   power  from  the  left 
hand  period. 

3.  To  the  remainder  bring  down   the  firfl  figure  in  the  next 
period,  and  call  it  the  dividend. 

4.  Involve  the  root  to  the  next   inferior  power  to  that  which 
is  given,  and  multiply  it  by  the  number,  denoting  the  given  pow 
er,  for  a  divifor. 

.5.  Find  how  many  times  the  divifor  may  be  had  in  the  divi 
dend,  and  the  quotient  will  be  another  figure  of  the  root. 

6,  Involve  the  whole  root  to  the  given  power,  and  fubtraft  it 
from  the  given  number,  as  before. 

7.  Bring  down  the  firft  figure   of  the  next  period  to  the  re 
mainder  for  a  new  dividend,  to  which  find  a  new  divifor,  as  be 
fore,  and,  in  lijke  manner,  proceed  till  the  whole  be  fmifhcd. 

EXAMPLES. 

*  The  extracting  of  roots  of  very  high  powers  will,  by  this  rule,  be  a  tedious  op- 
eration  :—-The  following  method,  when  practicable,  will  be  much  more  convenient. 

When  the  index  of  the  power,  whoferoot  is  to  be  extracted,  is  a  compofite  num 
ber,  take  any  two  or  more  indices  ,  whofe  product  is  equal  to  the  given  index,  and 
sxtraft  out  of  the  given  number  a  root  anfwering  to  another  ot  the  indices,  and  lo 
on  to  the  laft. 

Thus,  the  fourth  root  rr:  fquare  root  of  the  fquare  root  ;—  the  fixth  root  rr:  fquarc 
root  of  the  cube  root  ;  —  the  eighth  root  rr  fquare  root  of  the  fourth  root  ;  —  the 
ninth  root  rr:  the  cube  root  of  the  cube  root  ;  —  the  tenth  root  —  fquare  root  of  the 
fifth  root;-—  the  twelfth  root  ~  cube  root  of  the  fourth,  £c, 


EXTRACTION  OP  ROOTS  BY  APPROXIMATION. 

K     X    A     M     P     L     E     S. 

ift.  What  is  the  cube  root  of  20346417  ? 

20346417(273          2X2X2— ^  root  f>f 'the  i  ft.  period,  or  r/2.  Sultrahcr.d* 
23        —       S  ^—.  \fl.  Subtrak.  2X?^=4  {-^nexf  inferior  po.-j.-er,)  and> 

4X$Y^C  ?'«^*  of  the  given  paw.  J  —12  iy?.  divifor. 
c2  X 3—'  2)123=  Dividend,     27X^7X2 7— ' 9685— ad.  Subtrahend* 

27X2/—  729  f ''?'*•<£  inferior  pozverj  and, 
7         —      19683—2^.  Subtr.  729X3  (—index  cf  the  given  power ji^ziS*^:  zdf 

diyi/or, 

7 2X3~2 187)6634— 3d?.  Da-.  273X273X^73=20346417— _-jaf.  Subtrahend. 


s9.  What  is  the  bi(padrateroot  of  348279989^6.?     ^n/.43i,9-j-» 
gd.    Extract  the  iurfolid,  or  fifth  root  of  281950621875  ? 

^»/-  »95- 

4th.  Extract  the  fquare  cubeH,  or  fixth  root  of 
1178420166015625?  ^w/«  3*5 

^G^m/RuLE>rEXTARCT ING  ROOTS  ^APPROXIMATION. 

RULE.* 

t.  Subtraft  <??;<?  from  the  exponent  of  the  root  required,  and 
multiply  half  of  the  remainder  bv  the  fame  exponent,  and  far.r 

ther 

*  The  general  theorem  for  the  extrnftion  of  all  roots,  by  approximation,  from 
Whence  the  rule  was  taken,  and  the  Theorems  deducible  from  it,  as  high  as  ths 
t-welfth  power.  Let  G  —  refolvend  whofc  root  is  to  be  extracted.  §  r±t  =z  root 
icquifed  ;  r  being  atTumed,  as  near  the  true  root,  and  m=.  exponent  of  the  power— r 
then  the  equation  will  ftand  thus, 


Theorem  for  the  cube  root 


For  the  Biquadrate     -     -       V^ —  -f-  — 

6rr          18          3 


For  the  Surfolid     -     -     -  3        80 

i  or 


^  —  - 

For  the  fquarcd  cube  root  ^  ^       ?J         fi         (Sea  next  page.; 

S  Or,  by  the  following  Theorem  in  which  the  Jradion  is  obtained  in  numbers  to  tkclow- 
eft  terns  L  all  the  cdd powers  ;  and  in  the  even  powers  only  by  halving  the  numerator  and 
denominator  found  by  this  equation. 


+ 

OTTO— 1 
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ther  multiply  this  produ6tby  that  power  of  the  affumed  root,  whofe 
exponent  is  two  lei's  than  the  exponent  of  the  root  required,  and 
with  thislaft  product  divide  the  reiolveudand  reierve  tnc  quotient. 

2.  From  this  quotient  is  to  be  fubt rafted  the   following  num 
ber,  viz.  the  fquare  of  the  affumed  root  multiplied  bv  a  fiaclioii 
whofe  numerator  is  found  by  fubtracUng  three  from  the  exponent 
of  the  rboc,  multiplying  the  remainder  by  that  exponent,  and  ad 
ding  two   to  the  product  ;  and  the  denominator  is  found  by  fub- 
tracling  one  from  that  exponent, and  multiplying  the  cube  of  the 
remainder  by  the  fame  exponent. 

3.  After  this  fubtraction  is  made,  extract  the  fcniare  root  of 
the  remainder. 

4.  Multiply  the  affumed  root  by  a  fraction  whofe  numerator  i:i 
the   remainder   after  two  is  fubtra&ed   from   the  exponent,  and 
the   denominator  is  the   remainder  after  cm  is  fubtraftea    front 
the  exponent  :   Add  this  producl  to  that  fquare  root  and  the  lujri 
is  the  root  required,  or  an  approximation  to  it. 

E    X    A     M     P     L     E. 

What  is  the  fquare  cubed  root  of  1178-120166015625  ? 
Let  the  affumed  root  —  300. 

Exponent  of  the  required  root  is  6.     Then, x6~'-5« 

300 ; -=8100000000  and  this  multiplied  by  15:1-12  150000000*3. 
11 78420 1660 1 5625—1  2 15000600:0—960,8.9314,  f:om  r.;ii.s 

6  —  QX6-4-2 
Suit  raff. —          — -  X  90020—2400 

0 — iX^  —  1X6 — iX^  ; 

Ana  v  7  ~^"}93 '  4— 85  43 

D  —  2 

"~1  Approximated  10011^:325,43 
For  the  2d.  operation,  let  325,43  zz  ailumed  root. 

¥  A;>: 

\/~^          ~T^         5r 
For  the  fecond  furfolid  ' 


For  the  fquared  Bicjuadrate  — g  —     ~  ^~  ~- 


^      G 
Tor  the  cubed  cube     -     -     -     - 


7 
36' 


\/  (*  4/r          g>- 

For  the  fquared  furfolid      ...  —  ~r  — 

45^  4°5          9 


\l  9/r          o- 

For  the  third  furfolid         -       .  -  g  ~  '  --  h  ^~ 

9         1100        T 


Kcf  the  inuared  fqmre  cube  TF — -  —  —  4-  —cJct 

\  66n-«        726  T  ix 


si6    EXTRACTION  OF  ROOTS  BY  APPROXIMATION, 

Another  METHOD    by   A  P  P  R  O  X  I  M  A  T  I  O  N> 
RULE. 

1.  Having  aflfurned  the  root  in  the  ufual  way,  involve  it  to 
that  power  denoted  by  the  exponent  1'efs  i. 

2.  Multiply  this  power  by  the  exponent. 

3.  Divide  the  refolvend  by  this  produft,and  referve  the  quotient. 

4.  Divide  the  exponent  of  the  given  power,  lefs  i,  by  the  ex 
ponent,  and  multiply  the  afTumed  root  by  the  quotient. 

5.  Add  this  produft  to  the  referved  quotient,  and  the  fum  will 
be  the  true  root,  or  an  approximation. 

6.  For  every  fucceeding  operation,  let  the  root,  laft  found,  bfc 
the  affumed  root. 

EXAMPLE. 

What  is  the  fquare  cubed  root  of  1178420166015625  ? 
The  exponent  is  6.      Let  the  affumed  root  be  300. 
Then,  300 5  X  611114580000000000. 
14580000000000)  11784  2  016601 5625(805  824. 

Add  -  X  300  zr  250 


rcot. 
For  the  next  operation,  let  330,824  be  the  affumed  root. 

"j 

*  A  rational  formula  for  extracting  the  root  of  any  pure  power  by  approximation. 
Let  the  refolvend  be  called  Gt  and  let  r+_eb'e  the  required  root,  r  being  affumed 
in  the  ufual  way. 

t  G  772——  I 

Let.  G  _  be  required  ;  then  rlfcc  r=  •    ••     •-  -f"   r  the  general  Theorem. 

7»  M —  i  m 

mr 

G  _K          2 

Hence,  For  the  cube  roc4;      rlili;  ~  — ; — P  —  f 

3'  3  ' 
G  3 

For  the  biquadrate     -         -          J"     "4*  "~ r" 

G  ^ 

For  the  furfolid         -  4"     -J-    — ~r» 

C  5 

For  cube  cubed     ~  — j    -|-    —  r» 

G  6 

For  the  fevcnth  root      -     -      — g-     -|-    —  r, 

'G          7 

For  the  eighth         -         -        ~~ ;     -}-    ~g?"- 

G  8 

For  the  ninth       -        ~       ~     — J*  Hr     ~"r' 

9r  9 

(?  Q 

For  the  tenth         -         -         9  -^    — ' 

<? 

For  the  eleventh     -         -      " — T^     "T    TT'" 
iir10 

G  it 

"  For  the  twelfth        -          ,     —77    "4"    7^r 


PROPORTION   IN   GENERAL.         sh; 
0/   PROPORTION    in    GENERA  ~L. 

Numbers  are  compared  together  to  difcover  the  relations  they 
have  to  each  other. 

'there  mufl  be  two  numbers  to  form  a  companion  :  The  num 
ber  j  which  is'  compared,  being  written  firft,  is  called  the  antece 
dent  •  and  that,  to  which  it  is  compared,  the  conjequent. 

Numbers  are  compared  with  each  other  two  different  ways  i 
The  one  comparifon  conliders  the  difference  of  the  two  numbers, 
and  is  called  arithmetical  relation,  the  difference  being  lometimes 
named  the  arithmetical  ratio  ;  and  the  other  confiders  their  qud\ 
tienty  which  is  termed  geometrical  relation,  and  the  quotient,  the 
geometrical  ratio.  Thus,  of  the  numbers  12  and  4,  the  difference, 
or  arithmetical  ratio3  is  12  —  4:118  ;  and  the  geometrical  ratio  is 


If  two,  or  more,  couplets  of  numbers  have  equal  ratios,  or  c  i  '.-• 
ferenceSj  the  equality  is  ter.rried  proportion  ;  and  their  terms 
fimiiarly  pofited,  that  is,  either  all  the  greater,  or  all  the  ^efs 
taken  as  antecedents,  and  the  reft  as  confequents,  are  called  pro 
portionals.  So  the  two  couplets  2,  4,  and  b,  8,  taken  thus,  2,  4, 
6,  8,  or  thus,  4,  2,  8,  6,  are  arithmetical  proportionals  ;  and  the 
two  couplets,  2,  4,  and  8,  16,  taken  thus,  2,  4,  8,  16,  or  thus.  4,  2, 
16,  8,  are  geometrical  proportionals.  f 

Proportion  is  diftinguifbed  into  continual  and  diftontinual, 
'  If,  of  feveral  couplets  of  proportionals,  written  down  ?n  a  (eries, 
the  difference  or  ratio  of  each  confequent.  and  the  antecedent  of 
the  next  following  couplet,  be  the  lame  as  the'  common  differ 
ence?  or  ratio  of  the  couplets,  the  proportion  is  faid  to  be  contin 
ual,  and  the  numbers  themfelves,  a  feries  of  continual  propor 
tionals,  or  an  arithmetical  or  geometrical  proportion.  802,4, 
6,  8,  form  an  arithmetical  proportion  ;  for  4  —  2rn6  —  4rr8  —  6 
z^2  ;  and  2,  4,  B,  16,  a  geometrical  proportion  ;  for  |-—  1~1¥6  —  2* 

But 

*  Ratios  are,  here,  always  confidered  astherefult  of  the  greater  term  of  comparifon 
climinimed,  or  divided,  by  the  lefs  ;  not  regarding  which  of  them  be  the  antecedent 

f  To  denote  numbers  as  being  geometrically  proportional,  the  couplets  are  f«  p- 
arated  by  a  double  colon,  and  a  colon  is  written  between  the  terms  of  each  couplet  ; 
•we  may,alfo,  denote  arithmetical  proportionals  by  feparating  the  couplets  by  a  double 
colon,  and  writing  a  colon  turned  horizontally  between  the  terms  of  each  couplet. 
So  the  above  arithmeticals  may  be  written  thus,-  2  ••  £•*  *  6  ••  8,  and  4  ••  2  *  "  8  ••  6  ; 
where  the  hrik  amecedetit  is  lefs  or  greater  .than  its  confequent  by,,juftio  much  as  the 
fecond  antecedent  is  lefs  or  greater  than  its  confequent  :  And  the  georneiricals  thus, 
2  :  4  "  *  8  :  16,  and  4:2  *l  16  :  8  ;  where  the  riril  antecedent  is  contained  in,  or 
contains  its  coufequent,  jult  fo  often,  as  the  fecond  is  contained  in,  or  contains  its 
confequent. 

Four  numbers  are  faid  to  be  reciprocity  .or  wverfdy  proportional,  whrn  the  fourth 
is  lefs  than  the  fecond,  by  as  many  times,  as  *he  third  is  greater  than  the 
when  the  firft  is  to  the  third,  as  the  fourth  to  the  fecond,  and  vice  verfa.     Thus  2, 
9,  6  and  3,  are  reciprocal  proportionals. 

•*     Notf.  It  is  common  to  read  the  geometrical  35  ;  4  "  *  8  :  i6}  thus^a  is  to  4  as  9 
to  1  6,  or,  Asa  to  4  fo  is  8  to  16.  Ma;- 

Ee 
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But  if  the  difference  or  ratio  of  the  confequent  of  one  couplet, 
and  the  antecedent  of  the  next  couplet  be  not  vhe  fame  as  the 
common  difference  or  ratio  of  the  couplets,  the  proportion  is  faid 
tp  be  difcontinual.  So  4,  2,  8,  6,  are  in  difcontinued  arithmetic 
al  proportion  ;  for  4  —  2zrB  —  6zz2~z  common  difference  of  the 
couplets,  8  —  2  ir6—  difference  cf  the  confequent  of  one  couplet 
and  the  antecedent  of  the  next  ;  alfo,  4,  2,  16,  8.  are  in  difcontin 

geometrical  proportion  ;  for—  —  --  ~2-i  :  common    ratio   of 


the  couplets,  and  •  —  zz:  8  ~r  ratio  of  the  confequent  of  one  coup 
let  and  the  antecedent  of  the  next. 

ARITHMETICAL   PROPORTION. 

«•> 

THEOREM      i. 

If  any  four  quantities  a,  £,  c,  dt  (2,  4,  6,  8)  be  in  Arithmetical 

Proportion, 

Harmonica?  Proportion  is  that,  which  is  between  thofe  numbers  which  aflign  t?te 
lengths  of  mufical  intervals,  or  the  lengths  of  firings  founding  mufical  notes;  and  of 
three  numbers  it  is,  -when  thejirjl  is  to  the  third,  as  the  Inference  between  thefirji  and  /en- 
end  is  to  the  difference  between  the  fecond  and  third,  as  the  numbers  3,  4^  6.  Thus,  if 
the  lengths  of  ftrings  be  as  thefe  numbers,  they  will  found  an  cclave  3  to  6,  a  fifth 
2  to  3,  and  a  fourth  3  to  4. 

Again,  between  four  numbers,  when  thejirjl  is  te  the  fourth,  as  the  difference  between 
thejirji  and  fecond  is  to  the  difference  between  the  third  and  fourth,  as  in  the  numbers  5,6, 
8,  10  :  For  ftrings  offuch  lengths  will  found  an  oftave  5  to  10;  a  fixth  greater  6  t» 
ao  ;  a  third  greaier  8  to  jo  ;  a  third  lefs  5  to  6  j  a  fixth  lefs  5  to  8  ;  and  a  fourth 
€to8. 

A  feries  of  numbers  in  harmonical  proportion  is,  reciprocally,  as  another  fcries  in 
arithmetical  proportion. 

.     C  Harmonical    10  ••  12  ••>  15  ••  20  ••  30  ••  60  > 

f  Arithmetical  6-  5  ••  4-  3  ••  2  ••  i  >  for  here  10  :  12  ',*  5  :  6  ;  and  12 
;  15  1  1  4  •  5>  an^  ^°  °^  a^  tne  re^*  Whence  thofe  feries  have  an  obvious  relation 
to,  and  dependence  on,  each  other. 

1.  Let  a,  bt  c  be  the  three  numbers  in  mufical  proportion.     Then,  becaufe  we 
have  a  :  c  H  a  —  b  •  b—c  ;  therefore,  ab  —  aczzac  —  be  ;    whence,  if  any  two  of  the 
three  be  given,  the  other  may  be  found  by  the  following  Theorems. 

ab  zac  ,     cb 

i,  —  1==c.  ii  --  ?  =  *•  in.  —  ?  =  *• 

ia—b  to.  —  b  2c  —  o 

For  example,  Suppofe  you  would  find  a  mufical  mean  proportional  between  the  men* 

cckord  50  rr:  a,  and  the  cflave  25  =r  c  j  then,  by  Theor.  II.  —  r-  =  b  =r  -  re 

«-H  75 

33,3,  which  is  the  length  of  that  chord,  calkd  a  fifth. 

2.  If  there  be  four  numbers  in  mufical  proportion,  as  tf,  £,  c,  d  ;  then,fince  it  is 
a  :  d  *  *  a—b  :  c—dy  we  have  ae  —  adzzad  —  db%     From  \fhich  equation  we  have  the 
following  Theorems. 

!.-£-  =  «.   «4x5=i=«.  m.!2tf  -t.  w.^L-A 

zd  —  c  d  a  za  —  b 

Hence,  when  any  three  of  thofe  numbers  are  given,  the  fourth  may  bejfound. 
Thus,  let  10,  8,  6  be  given  to  find  a  fourth  harmonical  proportion. 

«Xc         10X6       60  ,     _ 

—  '     -.  =  .....  '   =:  —  =  5,  the  octave. 

JU--6          20—8          12 

This  harmonical  theory  mvt  be  carried  much  farther.    Sec  Martin's  Ne&tonim 
Ql.  II.  page  123. 
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Proportion,*  the  fum  of  the  two  means  is  equal  to  the  fum  of 
the  two  extremes. T 

And  if  any  three  quantities,  a,  £,  c,  (2,  4,  6)  be  in  Arithmetical 
Proportion,  the  double  of  the  mean  is  equal  to  the  fum  cf  the 
extremes. 

THEOREM     2. 

In  any  continued  Arithmetical  Proportion  (t,  3,  5,  7,  9,  1 1 )  the 
fum  of  the  two  extremes,  and  that  of  every  other  two  terms, 
equally  diilant  from  them,  are  equal.  Thus,  i-j-»  111:34-9^5 

When  the  number  of  terms  is  odd,  as  in  the  proportion  3.  8. 
13.  18.  23,  then,  the  fum  of  the  two  extremes  being  double  to 
the  mean  or  middle  term,  the  fum  of  any  other  two  terms,  equal 
ly  remote  from  the  extremes,  muft  likewife  be  double  (o  the  mean, 

THEOREM     3. 

In  any  continued  Arithmetical  Proportion, 'a,  £-fA  a-^-zb^  fl-j- 
3&,  a-f-4*,  &c.  (4,  44-2,  44-4,  4-{-6.  44.8,  &c.)  the  laft  or  greatefl 
term  is  equal  to  the  fir  ft  or  leaft  more  the  common  difference  of 
the  terms  drawn  into  the  number  of  all  the  terms  after  the  fir  ft, 
or  into  the  whole  number  of  the  terms,  lei's  onc«§ 

T    H     A     O     K     B     M       4. 

The  fum  of  any  rank,  or  feries,  of  quantities  in  continued 
Arithmetical  Proportion  (j.  g.  5.  7.  9.  n )  is  equal  to  the  fum  of 
the  two  extremes  multiplied  into  half  the  number  of  terms. j| 

ARITHMETICAL 

*  Although,  in  the  companion  of  quantities  according  to  thcirdiffercnr.es,  the 
term  proportion  is  ufed  ;  yet  the  word,  pregre/ion,  is  frequently  fubftituted  in  its 
room,  and  is  indeed  more  proper  ;  the  former  from  being,  in  the  common  acceptation 
of  it,  fynonymous  with  ratio,  which  is  only  ufed  iu  the  other  kind  of  companion, 

i  For,  fmce  b— a  (4—2)  awf— c  (8—6,)  therefore,  £-|-c  (4-^-6)  —  a-\-d  (2+8.) 

$  Since,  by  the  nature  of  progreffionals,  the  fecond  term  exceeds  the  firft  by  juft 
fo  much  as  its  correfponding  term,  the  laft  but  one,  wants  of  the  la  ft,  it  is  evident 
that  when  thefe  correfponding  terms  are  added,  the  excels  of  the  one  will  make  good 
the  defeft  of  the  other,  and  fo  their  fum  be  exactly  the  fame  with  that  of  the  two  ex 
tremes,  and  in  the  lame  manner  it  will  appear  that  the:  fum  of  any  two  other  corrcU 
ponding  terms  muft  be  equal  to  that  of  the  two  extremes. 

§  For  firtce  each  term,  after  the  firft,  exceeds  that  preccdlr^  it  by  the  common  dif 
ference,  it  is  plain  that  the  laft  muft  exceed  the  frrft  bv  fo  many  times  the  common 
difference  as  there  are  terms  after  the  firft  ;  and  therefore  muft.  be  equal  to  the  firft, 
and  the  common  difference  repeated  that  number  of  times. 

(I  For,  becaufe  (by  the  fecond  Theorem)  the  fum  of  the  two  extremes,  and  that 
of  every  other  two  terms,  equally  remote  from  them,  are  equal,  the  whole  feries, 
confifting  of  half  fo  many  fuch  equal  fums  as  there  an:  terms,  will  therefore  be  equal 
to  the  fum  of  the  two  extremes,  repeated  half  as  many  times  as  there  are  terms. 

The  fame  thing  alfo  holds,  when  the  number  of  terms  is  add,  as  in  the  feries  4, 
8,  t2,  16,  20;  for  then,  the  mean,  or  middle  term,  being  equal  to  half  the  fumof 
any  two  terms,  equally  diilant  from  it  on  contrary  fides,  it  is  obvious  that  the  value 
of  the  whole  feries  is  the  fame  as  if  every  term  thereof  were  equal  to  the  mean,  and 
therefore  is  exjual  to  the  mean  (or  half  the  fum  of  the  two  extremes)  multiplied  by 
the  whole  number  pi  terms  ;  or  to  the  fum  of  the  extremes  multiplied  by  half  the. 
number  of  terms. 

Tha 
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Any  rank  of  numbers,  more  than  two,  increafing  by  a  common 
excefs,  or  decreafing  by  a  common  difference,  is  faid  to  be  in 
Arithmetical  Progrefnon. 

If  the  fucceeding  terms  of  a  progreffion  exceed  each  other,  it 
is  called  an  afcending   feries  or  progreflion  ;  if  the  contrary,  a 
nding  feries. 

•'    o.    2.  4.  6.     8.  10,   &c.  is  an  afcending  arithmetical  ferits. 
i.     2.  4.  8.  16.  32,   &c.  is  an  a/cending  geometrical J cries. 
8.  6.  4.    2.    o,   &c.  is  a  dejccnding  aritkmeticaljeries. 
.  16.  8.  4.     2.     i,   &c.  is  a  def tending  geometrical Jeries. 

imbers  which  form  the  feries,  are  called  the  terms  of  the 
.•MI. 

A'ofe. — The  fir  ft  and  lafl  terms  of  a  progreilion  are  called  the 
extremes,  and  the  other  terms  the  means. 

Any  three  of  the  five  following  things  being  given,  the  other 
two  may  be  eafily  found. 

i.  The/r/?  term, 
fi.  The  I  aft  term. 
3.  The  number  of  terms. 
I  4.  The  common  difference. 

5.  The  fum  of  all  the  terms. 
PROBLEM     I. 

Thejirjl  term}  the  loft  term,  and  the  number  of  terms  being  given,  to 
Jind  the  common  difference. 

RULE.* 

Divide  the  difference  of  the  extremes  by  the  number  of  terms 
lefs  i.  and  the  quotient  will  be  the  common  difference  fought. 

ExAMP  T.ES. 

The  fum  of  any  number  of  terms  f.v)  of  the  arithmetical  feries  of  odd  numbers 
*»  3»  5»  7.  9>  &c«  1&  equal  to  the  fquare  (x2}  of  that  number. 
for,  C-T-I  cr  the  /urn  of  i  term    ~  i  2  or    i 
1-^-3  or  the  fum  of  2  terms  =  22  or    4 
^-•^-5  or  the  Jum  of  3  terns  rr  3  2  or    q 
P-4~7  cr  the  fum  tf  4.  terms  rzr  42  or  16 
1 6-4-9  t>?"  thef-um  of  5  terms  —  52  or  25,  ^c*' 

\Yhence,  it  is  plain,  that,  let  x  be  any  number  whatever,  the  fum  of  x  terms  will 
be  A;2. 

EXAMPLE. 

The  firft  term,  the  ratio,  and  number  of  terms  given,  to  find  the  fum  of  the  feries. 

A  gentleman  travelled  29  days,  the  firft  clay  he  went  but  i  mile,  and  increafed 
every  day's  travel  2  miles  ;  How  far  did  he  travel  ?  29X29^—841  miles,  Anf. 

*  The  difference  of  the  firft  nnd  Jaft  term  evidently  Chews  the  increafe  of  the  firft 
term  by  all  the  fubfequent  additions,  till  it  becomes  equal  fo  the  iaft  ;  and  as  the 
r.umber  of  thofe  additions  was  one  lefs  than  the  number  of  terms,  and  the  increafe, 
y  addition,  equal,  it  is  plain  that  fhc  total  increafe,  divided  by  the  number 
o'f  additions,  muft  give  the  difference  of  every  one  feparately  ;  whence  the  rule  is 
manikft. 
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EXAMPLES. 

ift.  The  extremes  are  3   and  39,  and  the  number  of  terms  is 
;  What  is  the  common  difference  ? 


Extremes, 
~~  3  I 
Divide  by  the  number  of  terms  lejs  img — im8)s6(2  Anft 

'   ,9—!  - 

ad.  A  man  had  iO  fons,  whofe  feveral  ages  differed  alike  ;  the 
youngeft  was  3  years  old,  and  the  eldeft  48  ;  What  Was  the  com 
mon  difference  of  their  ages  ? 


3d.  A  man  is  to  travel  from  Bofton  to  a  certain  place  in  9 
days,  and  to  go  but  5  miles  the  firfb  day,  increafing  every  day  by 
an  equal  excefs,  fo  that  the  laft  day's  journey  may  be  37  miles  ; 


Required  the  daily  increafe  ? 


PROBLEM     II. 

The  Jirjl  term,  the  lajl  term,  and  the  number  of  terms  being  given,  to 
f,nd  the  fum  of  all  the  terms. 

RULE.* — Multiply  the  fum  of  the  extremes  by  the  number  of 
terms,  and  half  the  product  will  be  the  anfwer. 

EXAMPLES. 

ift.  The  extremes  of  an  arithmetical  feries  are  3  and  39,  and 
the  number  of  terms  19  ;  Required  the  fum  of  the  feries  ? 

39 

*  Suppofe  another  feries  of  the  fame  kind  with  the  given  one  be  placed  under  it 
in  an  inverfe  order  ;  then  will  the  fum  of  every  two  correfponding  terms  be  the 
fame  as  that  of  the  firlt  and  Jaft  ;  confequently,  any  one  of  thofe  fums,  multiplied 
by  the  numSer  of  terms,  muft  give  the  whole  fum  of  the  two  feries. 

Let       i.    2.    3.  4.    5.    6.    7.    8,  be  the  green  feries . 

And     8.    7.    6.   5.    4.    Q.    2.    i,  the  fame  inverted. 

rr%  ..*_-**-  *    - 

lnent 
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39  1  Extremes. 

Sum  r—  42 
Number  of  terms  zr  X  1  9 


_  2)798 

/i      89H-3X*9 

0r»  -:  —  -  --  =  399-          399 

zd.  It  is  required  to  find  how  many  ftrokes  the  hammer  of* 
clock  would  ftrike  in  a  week,  or  168  hours,  provided  it  increaf- 
ed  i  at  each  hour  ? 

1664.1x168 

-  -  —  --  -  rz  14196  Artf. 

gd.  Suppofe  a  number  of  ftones  were  laid  a  yard  diftant  from 
cack  other  for  the  fpace  of  a  mile,  and  the  firft  a  yard  from  a 
bafket  ;  What  length  of  ground  will  that  man  travel  over,  who 
gathers  them  up  fingly,  returning  with  them  one  by  one  to  the 
baiket  ? 


_-  3099360  yards  zr  1  761  miles,  Anf. 


Ar.  S.  In  this  queflion,  there  being  1760  yards  in  a  mile,  and 
the  man  returning  with  each  ftone  to  the  baiket,  his  travel  will 
be  doubled  ;  therefore  the  firfl  term  will  be  2,  and  the  lafl 
2760X2,  and  the  number  of  terms  1760. 

4th.  A  man  bought  25  yards  of  linen  in  Arithmetical  Pro* 
greflion  ;  for  the  4th  yard  he  gave  12  Ihillings,  and  for  the  larl 
yard  3^.  15^.  What  did  the  whole  amount  to,  and  what  did  it  av 
erage  per  yard  ? 

*7  C  •••  i  2        *" 

/*.        -zr  3  the  common  difference  by  which  thcfirft  term  is  found  to  be  3. 

»•  r    |     Q  X  2  C 

^-^~  --  ^nr  48^.  151.  and  the  average  price  is  \l.  19^.  per  yd* 

5th.  Required  the  fum  of  the  firft  1000  numbers  in  their  naN 
ural  order  ? 


1000 

-  =  500500  Anf. 


PROBLEM     III, 

Given  the  extremes  and  the  common  difference^  to  fnd  the  number  if 

terms, 
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RULE.*— Divide  the  difference  of  the  extremes  by  the  com 
mon  difference,  and  the  quotient  increaled  by  I  will  be  the  num 
ber  of  terms  required. 

EXAMPLES* 

ift.  The  extremes  are  3  and  39,  and  the  common  difference  25 
What  is  the  number  of  terms  ? 

^_39 1  Extremes. 
~~  3  J 

Common  difference  m  2)36 


Quotient  ±r  1 8 
Add  i 


9  A*f. 


sd.  A  man,  going  a  journey,  travelled  thejfirft  day  7  miles,  the 
lad  day  51  miltJs,  and  each  day  increafed  his  journey  by  4  milesj; 
How  many  days  did  he  travel,  and  how  far  ? 

5<"~7-f-  i  r=  12  days,  and  ^+7X.t2r=  %&  miles,  Anf. 
4  2 

PROBLEM     IV. 

The  extremes  and  common  difference  given,  to  find  the  fum  of  all  th& 

Jeries. 

RULE. — Multiply  the  fum  of  the  extremes  by  their  difference 
increafed  by  the  common  difference,  and  the  product  divided  by 
twice  the  common  difference,  will  give  the  fum. 

EXAMPLES. 

i&.  If  the  extremes  are  3  and  30,  and  the  common  difference 
2  ;  What  is  the  fum  of  the  feries  ? 
394-3— 42  fum  °f  tht  extremes. 
39 — 3-=.tf3~diference  of  extremes. 

$6»t-*~3%~diff£rence  of extremes  increafed  by  the  common  difference. 

42 

*  By  the  firft.  Problem,  the  difference  of  the  extremes,  divided  by  the  number  of 
terms  lefs  i,  gave  the  common  difference  ;  confequently,  the  fame  divided  by  the 
commondiffercBce,  mufUgive  the  number  of  terms  lefs  i  ;  hence,  this  quotient^ 
i ,  muft  be  the  anfwer.  to  the  quefti*a. 


224     A  II I T  H  M  E  T I  C  A  L  P  R  O  G  R  E  S  S  I  O 


Tv/icc  the  common  diff.  n:  4)150^) 

399  Anfwcr* 


i  -2d.  A  owes  B  a  certain  fum,  to  be  difcharged  in  a  year,  oy 
paying  bdt  the  firft  week,  i8d.  the  fecond,  and  thus  to  increase 
every  weekly  payment  by  a  (hilling,  till  the  laft  payment  be  2/. 
us.  6d.  ;  What  is  the  debt  ? 


PROBLEM     V¥ 

remes  and  the.  fum  of  'the  (tries  givenjojind  the  common  difference. 
RULE.  Divide  the  produftof  the  fum  and  difference  of  the  ex 
treme/,  by  the  difference  of  twice  the  fum  of  the  feries,  and  the^ 
fum  of  the  extremes,  and  the  quotient  will  be  the  common  dif 
ference. 

EXAMPLES. 

i  ft.  Let  the  extremes  be  3  and  39,  and  the  fum  399  j  What  is 
the  common  difference  ? 

Sum  of  the  extremes  nr  39  +  3  —        42 
DifF.  of  the  extremes  ~  39  —  3  =r  X  36 


399X2  —  42  =  ?56)15l2(2 

151* 
Or  3.9+3  X   39—3  .....  g 

'  399X2—39-T-3  "" 

2d.  A  owes  B  67^.  izs.  to  be  difeharged  in  a  year,  by  weekly 
payments  ;  the  firft  payment  to  be  6d.  and  the  laft,  2/.  i  U.  6d.  ; 
\Vhat  is  the  common  difference  of  the  payments,  and  what  will 
each  payment  be  ? 


-g  Is.and6d.+is.=:is.6d=2d.  payment,  if. 
1352X2—  5i,5-K5 
,4-1^,^:2^.  6^.zr3^.  payment,  &c.  «^ 

PROBLEM  VI, 
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PROBLEM     VI. 

The  extremes  and  fum  of  the  f  cries  given,  tofndthe  number  of  terms. 
RULE.—  Twice  the  fum  of  the  feries,  divided  by  the  fum  of  the 
extremes,  will  give  the  number  of  terras. 

EXAM   PLES. 

ift.  Let  the  extremes  be  3  and  39,  and  the  fum  of  the  feries 
299  ;  What  is  the  number  of  terms  ? 

Sum  of  the  feries  zz  399 
X      a 

$um  of  extremes  =39-}-  3=42)798(19  Anf, 

42 


0     399X2  378 

39+3 

fid.  A  owes  B  6*]l.  tzs,  to  be  paid  weekly  in  Arithmetical  Pro- 
greffion,  the  firft  payment  to  be  6d.  and  the  laft  51^.  6d.  ;  How 
many  payments  will  there  be  ?  and,  How  long  will  he"  be  in  dif- 
tharging  the  debt  ? 

I  or  2  ^  g 

—  —  —  >-  ±z  52  payment  s>  and  as  many  vceks,  Anf» 

P    ft    O    it     L    E    tt       VII. 

Thejirft  term,  the  common  difference,  and  Jim.  of  the  feries  given,  t» 

find  the  number  of  terms. 

RULE.  —  To  the  fquare  of  the  difference  of  twice  the  firft  term 
and  the  common  difference,  add  the  reftangle  (or  product)  of  tho 
fum  and  the  common  difference  multiplied  by  8,  and  extract  the 
fquare  root  of  the  fum,  from  which  root  take-twice  the  firft  term 
lefs  the  common  difference  ;  divide  the  remainder  by  twice  the 
common  difference,  and  the  quotient  will  be  the  number  of  terms. 

EXAMPLE. 

If  the  nrft  term  be  3,  the  common  difference  2,  and  the  fum  of 
the  feries  399  ;  Required  the  number  of  terms  ? 

3X  2—6—  Twice  the  fum  of  the  firft  term. 

6  —  21114—  DifF.  of  twice  the  firft  term  and  the  common  diff. 

4X4—16—  Square  of  the  faid  difference. 

399  X  2  X  8—6384  z±  Reft,  of  the  fum  and  com.  diff.  mult,  by  8. 

63^4-}-  1  6—6400—  Sum  of  the  faid  eightfold  rectangle  and  the 
fquare  of  the  aforefaid  difference. 

=$csz:  Square  root  of  the  laft  mentioned  mm. 

F  f  SQ- 
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80—41=76—  Difference  of  the  faid  root  and  twice  the  firH 
term  lefs  the  common  difference* 

76 

-—±119  The  number  of  terms. 

/^  »~~ 

8—  3x2  —  2 


PROBLEM     VIII. 
The  Jirjl  term,  the  common  difference,  and  the  fum  cf  the  ferift  giv* 

en,  tojind  the  laji  term. 

RULE.—  To  the  fquare  of  the  difference  of  twice  the  firft  term 
and  the  common  difference,  add  the  reftangle  of  the  fum  and  the 
common  difference,  and  extract  the  fquare  root  'of  their  fum, 
from  which  root  take  the  common  difference  ;  and  the  remain 
der,  divided  by  2,  will  be  the  laft  term. 

EXAMPLE. 

If  the  fcrft  term  be  3,  the  common  difference  2,  and  the  fum 
ef  the  feries  399  ;  What  is  the  laft  term  ? 

3X21=6.  6—2:1=4.  4x4^*6.  399X2X81=6384.  6384+16^ 
6400.  ^6400—80.  80  —  2—78.  And  78-1-  2-^39  the  Anjwtr* 


Or  __ 

PROBLEM     IX. 

The  firjl  term,  the  common  difference,  and  the  number  of  terms 

tojind  the,  laft  term. 
RULB.'—  The  number  of  terms  lefs  i,  multiplied  by  the  com- 
jnon  difference,  and  the  firft  term  added  to  the  product,  will 
give  the  laft  term, 

EXAMPLES. 

i  ft.  If  the  firft  term  be  3,  the  common  difference  23  and  th» 
mumber  of  terms  19  ;  What  is  the  laft  terra  ? 
Number  of  terms  zz  19 

Number  of  terms  lefs  i  —  18 
Gominon  difference  ~  X  2 


Firft  term  rz  -f-  3 

39  the  Anf. 

M-3=39« 

ad.  A  owes  B  a  certain  fum,  to  be  paid  in  Arithmetical  Progref- 
fion  ;  the  firil  payment  is  6d9  the  number  of  payments  5.2,  and  the 

common 
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common  difference  of  the  payments  is  i  zd.  ;  What  is  the  laft  pay 
ment  ?  52 — i  X  i2-j-6zz:6i8(i.iz:2/.  i  is.  6d.  AnJ. 

PROBLEM     X. 
The  Jirft  term,  common  difference,  and  number  of  terms  given,  to  find 

thejumofthejeries. 

RULE.— To  the  firft  term  add  the  product  of  the  number  of 
terms  lefs  i  by  half  the  common  difference,  and  their  fum,  multi 
plied  by  the  number  of  terms,  will  give  the  fum  of  the  progression. 

EXAMPLES. 

ift.  If  the  firft  term  be  3,  the  common  difference  2,  and  num 
ber  of  terms  19  ;  What  is  the  fum  of  the  feries  ? 

Firft  term  ~  3 
Add  the  product  of  the  number  of  terms  lefs  i  by  £  com,  diff.  =r  19  —  iXi=:  *8 

Their  fum  21 
Multiply  by  the  number  of  terms  =  19 


—^X1=399  -<«•  =  399 

2d.  Sixteen  perfons  gave  charity  to  a  poor  man  ;  the  firfl 
gave  $d.  and  the  fecond  9^.  and  fo  on  in  Arithmetical  Progreffion  ; 
I  demand  what  fum  the  lafl  perfori  gave,  and  how  much  the  poor 
man  received  in  all  ? 

Anfwer  16  —  iX4'4vi=65^'~5J«  5^«  tne  ^a^  gave. 

And  i6x5-f-i^  —  i  X-f—  560^.—  2/.  6s.  8d.  the  whole  fum. 

PROBLEM      XI. 
Given  the  jirfi  term,  the  number  of  terms,  and  the  fum  of  the  feries,  to 

Jind  the.  common  difference. 

RULE.  —From  the  fum  fubtraft  the  reftangle  of  the  firft  term 
and  number  of  terms  ;  twice  the  remainder,  divided  by  the  prod 
uct  of  the  number  of  terms  and  number  of  terms  lefs  i,  will  give 
the  common  difference. 

EXAMPLE. 

If  tke  firft  term  be  3,  the  number  of  terms  19,  and  the  fum 
299  ;  What  is  the  common  difference  ? 

Sum  of  the  feries  =  399 
Subtraft  the  produft  of  the  firfl  term  and  number  of  terms  =  3Xi9=:o7 

Remainder  ;rr  342 

Multiplied  by       2 

Divide  by  the  produft  of  the  number  of  terms  ?  _ 

and  number  of  terms  lefs  .1  \  =  *  X  l8  = 


Or 

*—  JXi 

PROBLEM     XII. 


. 

Given  the  Jirfi  term)  number  of  terms,  and  the  fum  of  the  feries,  to  Jind 
the  lafl  term, 


2.2*     ARITHMETICAL  PROGRESSION. 

Ru  L  E.  —  Divide  twice  the  fum  bv  the  number  of  terms  ;  from  the 
quotient  take  the  firft  term,  and  the  remainder  will  be  the  lad. 

EXAMPLES. 

ift.  If  the  firft  term  be  3,  the  nqmberof  terms  19,  a,nd  the  fum 
399  ;  What  is  the  lad  term  ? 

Sum  of  the  terms  rzr  399 
Multiply  by     2 

Pivide  by  the  number  of  terms  ~z  19)798 

Quotient  —  42 
Subtract  the  firft  term  zz  3 

n     3Q9X2  Anfwer  ==  39 

Vr,  —  3__39. 

ad.  A  merchant  being  indebted  to  1  2  creditors  £"2460,  ordered 
jhis  clerk  to  pay  the  firft  ^40,  and  the  reil'increafmg  in  Arithmet 
ical  Progreflion  ;  I  demand  the  difference  of  the  payments,  and 
the  laft  payment  ? 


PROBLEM     XIII. 
1hz  common  difference,  the  laft  term,  and  fum  of  the  progreffion  given,  to 

find  the  fir/I  term. 

RtiLE,  —  From  the  fquare  of  twice  the  laft  term  plus  the  com 
mon  difference,  take  8  times  the  re£largle  of  the  fum  and  com 
mon  difference,  and  extract  the  fquare  root  of  the  remainder, 
which  (root)  either  add  to,  or  fubtraft  from  tha  common  differ- 
pnce,  (as  the  cafe  may  require)  and  half  the  fum  or  difference 
will  be  the  firft  term. 

EXAMPLES. 

i  ft.  If  the  common  difference  be  2,  the  laft  term  39,  and  the 
fum  of  the  terms  399  ;  Required  the  firft  term  ? 

Laft  term  39 
Multiplied  by    a 

Produftrr:  78 
Add  the  common  difference  =  2 

80 

Multiplied  by  80 

jFroni  ilje  fquare  of  twice  the  laft  term  plus  the  common  difference  rr  6400 
Take  8  times  the  re£tanle  of  the  fum  and  common  dirF.rr 


Remainder  nr:  16 

Square  root  of  16  ^r  4 

Gum  of  the  common  difference  and  the  fquare  root  of  16  =  2  -f-4^6 

And  half  the  fum  ="|  =  3  Anf- 


Or, 
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" 

399X2X8  __ 


sd,  A  merchant  being  indebted  to  feveral  perfons  io8o/.  he  or» 
,dered  his  clerk  to  pay  the  greateft  creditor  \^il.  the  greateft  but 
one  132^.  and  fo  on,  to  decreafe  in  Arithmetical  Progreflioii  .> 
What  did  the  leaft  creditor  receive  ? 


10—^/142x24-10!  —1080X10x8 
--  —       --  ~£  2  . 

PROBLEM     XIV. 

Given  the  common  difference,  the  lajl  term,  andfum  of  thejerics,  to  find 

th^  numbtr  of  terms. 

RuLB.-^-From  the  fquare  of  twice  the  laft  term  plus  the  com 
mon  difference  take  8  times  the  rectangle  of  the  fum  and  com 
mon  difference,  and  extracl:  the  fquare  root  of  the  remainder, 
which  (root)  either  fubtracl  from,  or  add-to,  twice  the  laft  term 
plus  the  common  difference  (as  the  cafe  may  require)  and  the 
remainder  or  fum,  divided  by  twice  the  common  difference,  will 
give  the  number  of  terms. 

EXAMPLES. 

ift.  If  the  common  difference  be  2,  the  lafl  term  39,  and  the 
furn  of  the  terms  399  ;  1  demand  the  number  of  terms. 

Laft  term  39 

Multiply  by    2 

"78 

Add  the  common  difference  rz  2 

To 
$9 

Square  of  twice  the  laft  term  plus  the  com.  diff.  rr  6400 
Sub.Stimes  the  rea.oftheium&com.diff.—  3^9X2X^^6384^ 

16 

Square  root  of  16  —^4 

Sum  of  twice  the  laft  term  plus  the  com.  difl.rr,39  X  2-^2—80 
Sum  of  twice  the  laft  term  and  com.  diff.  minus"!    _     g 
the  fquare  root  of  x6  zz  80  —  4  J 

76 
Which  remainder  divided  by  twice  the  com.  diff.  n:  —  -  ~ 


Or  -—  -—  _ 

'   "  2  X  *  ~~ 

2d.  A  merchant  being  indebted  to  feveral  perfons  io8o/.  he  or 
dered  his  clerk  to  pay  the  greateft  creditor  i^2l.  ;  the  greatefl 
but  one  132^.  and  fo  on,  to  decreafe  in  Arithmetical  Prcgreffion. 
How  many  creditors  had  he  ?  _ 


Crcditm. 
»°X2  PROBLEM 


23©      ARITHMETICAL  PROGRESSION, 

P    R    O    B     L    E     M       XV. 

Given  the  laji  term,  the  number  of  terms,  and  the  fun:  of  the  terms,  to 

Jind  the  firjl  term. 

•Rui,K.  —  Divide  twice  the  fum  by  the  number  of  terms  ;  from 
the  quotient  fubtraft  the  laft  term,  and  the  remainder  will  be  the 
firft.  „ 

EXAMPLES. 

i.  If  the  laft  term  be  39,  the  number  of  terms  19,  and  the 
fum  of  the  feries  399  ;  Wshat  is  the  firlt  term  ? 

Sum  of  the  feries  rr  —  399 
Multiply  by     2 

Divide  by  the  number  of  terms  —  19)798 

Quotient  rz:  49 
From  the  quotient  take  the  laft  term  rr  3,9 

Remainder  zz:    3  Anf. 
_   399X2 

Cr,—^-  ~39  =  3- 

a.  A  man  had  10  fons,  whofe  feveral  ages  differed  alike  ;  the 
eldeft  was  48  years  old,  and  the  fum  of  all  their  ages  was  255  5 
What  was  the  age  of  the  youngeft  ? 

255X2 

—  —  --  48  ==  3  y**r*9  Anf. 

PROBLEM     XVI. 

Given  the  laft  term,  the  number  of  terms,  and  the  fum  of  the  feries,  to 

find  the  common  difference. 

RULE.  —  Double  the  reftangle  of  the  number  of  terms  and  the 
laft  term  minus  the  fum  of  the  feries  ;  divide  the  producl  by  the 
reftangle  of  the  number  of  terms  and  the  number  of  terms  minus 
a,  and  the  quotient  will  be  the  common  difference. 

EXAMPLES. 

i.  If  the  laft  term  be  39,  the  number  of  terms  19,  and  the  fum 
of  the  feries  399  ;  What  is  the  common  difference  ? 

Number  of  terms  ^z  19 
Muitiply  by  the  laft  term  ~  39 

171 
57 

Reftangle  of  the  number  of  V        Q  ^  QQ—  7TT 
term?,  and  the  laft  term    }' 

Subtract  the  fum  of  the  Icrieszr399 


Multiply  by    2 
Divide  by  the  rectangle  of!  -- 

the  number  of  terms,  and  I  ~  io,X  1813:342)684(2  Anf, 
number  ef  terms  minus  i  J  684 
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Or  2XI9X39~39Q._.:. 

r'        19—1X19 

2.  Sixteen  perfons  gave  charity  to  a  poor  man  in  fuch  pro 
portion  as  to  form,  an  arithmetical  feries  :  The  laft.  gave  5^.  5^. 
and  the  whole  fum  amounted  to  zl.  6s.  8d.  What  did  each  give 
lefs  than  the  other  from  the  laft  down  to  the  firft  ? 

2X16x05-^560 
*-  -  —     .'  c*~"~Ad.  Anf. 
10  —  1X16  J 

PROBLEM     XVII. 

The  common  difference*  number  of  terms.,  and  the  laft  term  given^  to 

find  thefirjt  term. 

RULE.-  —  From  the  laft  term  fubtract  the  produft  of  the  terms 
lefs  i  by  the  common  difference,  and  the  remainder  will  be  the 
firft  term. 

EXAMPLES. 

1.  If  the  common   difference  be  2,  the  number  of  terms  19, 
and  the  laft  term  39  ;  What  is  the  nrft  ? 

Laft  termzr39 

Subtract  the  number  of  terms  lefs  i  ~\  _  —  -^~      o  _  ^ 
multiplied  by  the  common  difference/"" 

Remains  3  Anf. 
Or;  39—19—  1X2=3. 

2.  A  man  travelled  6  days,  each  day  going  4  miles  farther  than 
on  the  preceding  day,  till  the  laft  day's  journey  was  46  miles; 
How  far  did  he  ride  the  firft  day  ?        _ 

40  —  6  —  i  x  41=20  miles  t  Anf. 

P    R    O    B    1    E    M       XVIII. 

The  common  difference^  the  number  of  terms,  and  laft  term  given,  tofnd 

the  fum  of  the  feries. 

RULE.  —  From  the  laft  term  take  the  number  of  terms  minus 
i,  multiplied  by  half  the  common  difference,  and  the  remainder 
multiplied  by  the  number  of  terms  will  give  the  fum. 

EXAMPLES. 

I.  If  the  common  difference  be  2,  number  of  terms  19,  and  the 
laft  term  39  ;  What  is  the  fum  of  the  feries  ? 

Laft  term—  39 

Subtraft  the  number  of  terms  lefs  1  1  _     _  •     l==l$ 
multiplied  by  \  the  common  difference  J  ~~ 

Remainderr=:2i 
Multiply  by  the  number  of  terms—  19 

189 

21 


Or, 
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—  *9—  1X  i=399- 

2.  A  man  performed  a  journey  in  6  days,  and,  each  day,  trav 
elled  4  miles  farther  than  on  the  preceding  day,  till  his  laft  day'* 
travel  was  40  miles  :  How  far  did  he  travel  in  the  whole  ? 

Anf.  6  x  40—  6—1  xlpniSo  mites  < 

PROBLEM     XIX. 

The  fum  of  the  terms,  the  number  of  terms,  and  the  common  diffct&ncc 

given,  to  find  thejirjl  term. 

RULE.  —  Divide  the  fum  by  the  number  of  terms  ;  from  the 
quotient  take  half  the  product  of  the  number  of  terms,  minus  unity, 
fey  the  common  difference,  and  the  remainder  will  be  the  fir  ft  term. 

EXAMPLES. 

i.  If  the  fum  of  the  feric's  be  399,  the  number  of  terms  19,  and 
the  common  difference  2  ;  What  is  the  firft  term  ? 

Number  of  terms  ^z 


Quotient±r2i 

Subtract  {the  produft  of  the  number  of  1  __.  _  (  x<?__ig 
terms,  leis  i,  by  the  common  difference,  j       -2  -  1~~ 

Anf.% 


ftr  —    ^.% 

1/7,   —  —   .....  -  3.' 

19  2 

2.  A  man  travelled  1  80  miles  in  6  days  ;  he  increafed  his  jour 
ney,  each  day,  by  4  miles  :  How  far  did  he  travel  the  firfl  day  ? 

180        4X6^-1 

---  1  -  m2O  miles*  AnL 
b  2 

PROBLEM     XX. 

Thtfum  of  tht  twrns^  number  of  terms,  and  the,  common  i&Jftrenct  giv 

en,  to  Jin  d  the  la  ft  term. 

RULE,  —  Divide  the  fum  of  the  feries  by  the  number  of  terms  ; 
to  the  quotient  add  half  the  pro-duel:  of  the  number  of  terms  mi 
nus  unity  by  the  common  difference,  and  the  fum  will  be  the  laft 
term. 

EXAMPLES. 

i.  -If  the  fum  of  the  feries  be  399,  the  number  of  te'frris  19,  and 
the  common  difference  2  ;  What  is  the  laft  term  ? 

Divide  by  the  number  of  termsiiz  19)399.7^ 

Quotientzr2i 

Add  {  the  produft  of  the  number  of  "I  _  1  9  —  i  X  2  _  g 
terms,  lefsi,  by  the  common  difference  j  ^ 


ARITHMETICAL    P-ROGRfcSSIO 

9.  A   perfim   bought   a   farm  for  510^.  to  be  paid  monthly  in 
Arithmetical   Frogrefliori,  and  to  be  completed  in   a   year,  each 

payment 

The  following  Table  contains  afummary  of  the  whole  doElrine  of  Arith 
metical  ProgrcJJion* 
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payment  to  exceed  that  preceding  by  5^.  What  were   the  E?fl 
and  laft  payments  ? 

An/.  §1 * — ?-iH^zzic/.  the  firft  payment,  and 
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Htre<{  n  —  number  of  terms. 
\  d  rr  common  difference. 
\js  ~fum  of  alt  the  terms. 
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GEOMETRICAL     PROPORTION. 

THEOREM     i. 

If  four  quantities,  a.  b.  c.  d.  (2.  6.  4.  12.)  be  in  Geometrical 
Proportion,  the  produft  of  the  two  means,  be  (6  X  4)  will  be  equal 
to  that  of  the  two  extremes,  ad  (2X  12)  whether  they  are  contin 
ued,  or  difcontinued,*  and,  if  three  quantities,  a.  b.  c.  (2.  4.  8.) 
the  fquare  of  the  mean  is  equal  to  the  produft  of  the  two  extremes* 

THEOREM     2. 

If  four  quantities,  a.  b.  c.  d.  (2.  6.  4.  12.)  are  fuch,  that  the 
produft  of  two  of  them,  ad  (2X  12)  is  equal  to  the  product  of  the 
other  two,  be  (6X4?)  then  arc  thofe  quantities  proportional.  f 

THEOREM'  3«- 

If  four  quantities,  a.  b.  c.  d.  (2.  6.  4.  12.)  are  proportional,  the 
re&angle  of  the  means,  divided  by  either  extreme,  will  give  the 
other  extreme.  ;£ 

THEOREM     4. 

The  produfts  of  the  correfponding  terms  of  two  Geometrical 
Proportions  are  alfo  proportional. 

That  is,  if  a  :  b  :  :  c  :  d  (z  :  6  :  :  4  :  12,)  and  e:f::g:k 
(2  :  4  ::  5  ;  10,)  then  will  ae  :  bf  :  :  eg  :  dfi  (2X2  :  6X4  •'  :  4X5  : 
i2_xio.)§  THEOREM 

*  For  fmce  the  ratio  of  a  to  If  (2  to  6,)  or  the  part,  which  a  is  of  b  (2  is  of  6)  is 

expreffcd   by  —    (  —  )  and  the  ratio  of  c  to   'd  (4  to  12,)  in  like  manner,  by.1 
/  4  x  *    x  6'  .  d 

vJTay  '  anc*  ^ince>  ty  fuppofidon,  the  two  ratios  are  equal,  let  them  both  be  multi 

plied  by  bdt  (6X*a)  and  the  produfts-~X  ^'(  g-X6X»2  )  and~X^'(  — 

,  abd.      cbd 

12  )  will  likewue  be  equal  ;  that  is.  ~-  =  —r  or  ad~cb 
/      <  b         u 

or,  2X12=6X4-) 

t  For  fmce,  by  fuppofition,  the  products  &d  (a'x  »  ?-)  and  be  (6X4)  are  equal,  let  both 

ad  (a]         be    (c)*Xt*(2)  6X4  (4) 
be  divided  by  bd  (6XJi)  and  the  quotients  —  (  —  )arid—  (  —  )  ----  --- 

bd(1>)        bd  (d}  6X12(6)6X12(12) 
will  alfo  be  equal  ;  and  therefore  a  :  b  :  :  c  :  d. 

%  For,  by  the  fecond  Theorem,  ad=bc  (aX1  2=6X4)  whence  dividing  both  fides 

of  the  equation  bv  a  (•>>  we  have  ^~-{  12=  —  —  )  Heace,  if  the  two  means  and 

J       >   f  ^\  2     / 

one  extreme  be  given,  the  other  extreme  maybe  found. 

^For  =         ^^         by  fuppofition  ; 


^--rXT  C"rX—  ~  —  X~)  by  equal  multiplication  ;  and  confcqnently  -;-.~  -~ 
a        fi  \  o       4      1  2     i  o  /  vj       art. 


i7^~     that  is>  *''•¥•  :e°:dk  (2X2  :  6X4  :  :  4X5  : 

follows,  that  if  any  quantities  be   nro-t-  \.   will 

.  •'  proportional. 
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THEOREM     5. 

If  four  quantities,  a.  b.  c.  d.  (2.  6.  4.  12.)  are  directly  propor 
tional. 

fi.  Direftfy,  a  I  b 


Tin 


Alternately, 
Cowpoundedlyj 
Dividcdly, 
Mixtfy,       b+t 


__  a  :  \  d+c 


7.  By  Multiplication,  ra 

8,  By  Divijlon, 


12 


-M(a:  8 

— c  (2:4 
-r  (8*4 


4t 

4 
16 


8) 


Becaufe  the  produft  of  the  means,  in  each  cafe,  is  equal  to  that 
nf  the  extremes,  and  therefore  the  quantities  are  proportional  by 
Theorem  2. 

THEOREM     6. 

If  three  numbers,  a.  b.  c.  (2.  4.  8.)  be  in  continued  proportion, 
the  iquare  of  the  firft  will  be  to  that  of  the  fecond,  as  the  firfl 
number  to  the  third  ;  that  is,  a2  \  h*  \\  a  \  c  (2X2  :  4X4  II  2 

:«.)* 

THEOREM     7. 

In  any  continued  Geometrical  Proportion  (i.  3.9.27.81.  &c.) 
the  product  of  the  two  extremes,  and  that  of  every  other  two 
terms,  equally  diftant  from  them,  are  equal.  -f 

THEOREM     8. 

The  fum  of  any  number  of  quantities,  in  continued  Geometri 
cal  Proportion,  is  equal  to  the  difference  of  the  reftangle  of  the 
fecond  and  laft  terms  and  the  fquare  of  the  firft.  divided  by  the 
difference  of  the  iirfl  and  fecond  terms.  J 

GEOMETRICAL 

^II^tc(2*4l*4t8)  thence  will  ac=:W 
therefore  aac^zabb 


x8=4X4)  by 
multiplication  } 


*  For  fmce  ^t 
T'neorcm  i  ;  and 
2 
confequently,  a    *  b    *  \a  J  c  (zX^  t  4X4  1  1  2  £  8)  by  Theorem  a. 

In  like  manner  it  maybe  proved  that.,  of.four  quantities  continually  proportion 
al,  the  cube  of  the  firft  is  to  tlial  of  the  fecond,  as  the  firft  quantity  to  the  fourth. 

-r  For,  the  ratio  of  the  firft  term  to  the  ferond  being  the  fame  as  that  of  the  loft,  but 
nnc  to  the  laft,  thefc  four  terms  are  in  proportion  ;  and  therefore,  by  Theorem  i, 
l.he  reftanglc  of  the  extremes  is  equal  to  that  of  their  two  adjacent  terms  ;  and  af 
ter  the  fame  manner,  it  will  appear  that  the  rectangle  of  the  third  and  laft  but  two 
is  equal  to  that  of  their  two  adjacent  terras,  the  fccrnd  and  laft  but  one,  and  fo  of 
the  reft  ;  whence  the  tnKh  of  the  propofition  is  manifefl. 

t  For,  let  the  firft  term  of  the  proportion  be  denoted  by  a,  the  common  ratio  by 
r,  the  number  of  terms  by  nt  and  the  fum  of  the  whole  feries  by  s  ;  then,  it  is  p!avn 

(hat  the  fecond  term  will  be  expreffed  by  rfX?",  or>  ar  J  the  third  by  ar^r,  or  ar    • 
the  fourth  by  ar    X^,  or,  fir    ;  and  the  rth,  or  laft,  term  by  ar         •  and  therefore 

the  proportion  will  fland  thus,  a-\-ar-~-ar    -\-ar  ----  ^.r         -\-ar         nrs  ; 

34  «       t          " 

equation  muip.plud  by  r}  gives  ar-\-ar    -\-ir    -\-ir    .....  ~*-^r         ~\-ar  zzss  ;    ::r.rn 
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GEOMETRICAL-   PROGRESSION. 

A  Geometrical  Progreflion  is,  when  a  rank,  or  Jerir.s,  of  num 
bers  increafes,  or  decreases,  by  the  continual  multiplication,  or 
divifton,  of  forae  equal  number 

PROBLEM     I. 

Given  one  of  the  extremes.,  the  ratio,  and  the  number  of  the  terms  of  a 
geometrical  juries.,  tojind  the  other  extreme. 

RULE. — Multiply,  or  divide,  (as  the  cafe  may  require)  the  giv 
en  extreme  by  fuch  power  of  the  ratio,  whofe  exponent*  is  equal 
to  the  number  of  terms  lefs  i,  and  the  product,  or  quotient,  will 
be  the  other  extreme. 

K  X  A  M  P  L  E  S  f 

the  firft  equation  being  fubtra&ed,  there  will  remain  —  a  -^-ai r'~  rs  —  s  :  Whence, 

(C7n —a     r^ar"-*  —a)      ar^arn~t  —  aa 
g—  / .— j  — :  (Or,  take  any  fenes  of  numbers 

(  r—i  r—  i        )  ar—a 

whatever,  as  2.  6.  18.  54.  162.  486.  and  their  Cum  will  be  2-f-S-r^8-L.54-l~162-L. 
486—728:   This  equation   multiplied  by  the  ratio,  will  Hand  thus,  frJJ-'S-KH-f- 
j  62-^4864-1 458=2 184;  now  it  is  plain  that  the  fum  of  the   lecond  (en; 
be  fo   many  times  the   firft,  as  is  cxpreilcd  by  the   ratio;  fubtradt  the   iin. 
from  the  fecond,  and  it  will  give   1458— 2 —  2184-728,  which  is  eviden 
many  times  the  fum  of  the  firft  fenes,  as  is  expreiled  by  the  ratio  lei's  i  ;  whence 

14^8 — 2     2916 — 4  ,      ,  „         ,  . 

JL: —-2— , — _!,  33  Was  to  be  demonilrated,) 

3—1  6—2 

*  As  the  loft  term,  or  any  term  near  the  laft,  is  very  tedious  to  be  found  by  con 
tinual  multiplication,  it  will  often  be  neceifary,  in  order  to  afcerram  them,  10  have? 
a  feries  of  members  in  Arithmetical  Proportion,  called  indices,  or  exponents,  begin - 
ping  either  with  a  cypher,  or  an  unit,  whofe  common  difference  is  one. 

When  the  firjl  term  of  the  feries  and  the  r^tio  are  ti>ualy  the  indices  mull  begin. 
v/ith  an  unit,  and,  in  this  cafe,  the  prociuft  ol  i\ry  tvo  terms  is  equal  to  thac  term, 
figmficd  by  theyim  of  their  indices. 

Th          ?  *.  2«  3'     4-     5-     6,  &c.  indices,  or  arithrnr 

US*     )  2.  4.  8.  16.  32..  64,  &c.  geometrical  feries  (leading  terms.) 
Now,  6-4~6™r2rrthe  index  of  the  twelfth  term,  aaci 

64X64—4096—^6  twelfth  tt-rm. 

But,  when  the  firjl  term  of  the  fenes  and  the  ratio  are  different,  the  indict*  muft 
begin  with  a  cypher,  and  the  fum  of  the  indices,  made  choice  of,  mull  be  on:  Icfi  than 
the  number  of  terms,  given  in  the  queftion  ;  hecaufe  T  in  the  indices  Hands  over  the 
fecond  ttrmf  and  2,  in  the  indices,  over  the  tlnrd  term,  &c.  And,  in  th>s  cafe,  die 
product  of  any  two  terms,  divided  by  the  Jirjt,  is  equal  to  that  term  oe)<i>vd  the  firft, 
fignified  by  thejum  of  their  indices. 

Thus      {°-»-8-    3-     4-       5-       6,  &c.  indices. 

'     $1.3.  9.  27.  81.  243.  7-29,  &c.  .geometrical  fenes. 
Here,  6  -4-  5  r=         u  the  index  of  th^  iath  term. 

729X243=1:177147  the  i2th  term,  becaufe  the  C.rft  term  oC  the  feries  and 
the  ratio  are  different,  by  which  mean  a  cypher  ftands  over  the  firft  term. 

Thus,  by  the  help  of  thcfe  indices,  and  a  few  of  the  firft  terms  in  any  geometrical 
feries,  any  term,  whofe  difLinre  from  the  firft  term  is  aili;'ned,  though  it  were  ever 
10  remote,  may  be  obtained  without  producing  all  the  terms. 

Note.   If  the  ratio  of  any  geometrical  feries  be  double,  the  d'fir-e-nce  of  the, 
and  tca/l  terms  is  equal  ro  the  fnra  of  all  the  terms,  except  the  greaieil  ;   if  i 
I'-i.  triple,  the  diferenae  is  double  the  fum  of  all  but  the  greatcft  ;  if  the  ratio  . 
drupla,  the  diM'creiice  is  tyip't  the  fi:m  of  all  but  tlie  greatcft,  &c. 
In  any  geometrical  feries  decrcafmg,  and  continued  ad  / 
:s  eoLial  tc  ihejiira  cvi  all  the  remaining  terms,  «</  rnJinititM, 
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EXAMPLES. 

1.  If  the  fii-ft  term  be  4,  the  ratio  4,  and  the  number  of  terms 
9  ;  What  is  the  laft  term  ? 

1.  2.     3.      4.4-     4=       8 

4.  16.  64.  256.x  256^6553611:  power  of  the  ratio,  whofe  expo 
nent  is  lefs  by  i,  than  the  number  of  terms, 

65536— 8th  power  of  the  ratio* 
Multiply  by   4— firft  term. 

26ai44n:laft  term. 
Or,  4X  48~262i44:n:^e  Anjwtr* 

2.  If  the  laft  term  be  262144,  the  ratio  4,  and  the  number  of 
terms  9,  What  is  the  firft  term  ? 

Laft  term. 
8th  power  of  the  ratio  48zr65536}262 144(4—1116  firft  term. 

grr4  the  firft  term. 

Aga.in9  Given,  the  jtrji  term,  and  the  ratio,  to  Jind  any  other  term  cf~ 

figned 

RULE     I. 

When  the  indices  begin  with  an  unit. 

1.  Write  down  a  few  of  the  leading  terms  of  the  feries,  and 
place  their  indices  over  them. 

2.  Add  together  fuch  indices,  whofe  fum  fhall  make  up  the  en 
tire  index  to  the  term  required. 

3.  Multiply  the  terms  of  the  geometrical  feries,  belonging  to 
thofe  indices,  together,  and  the  product  will  be  the  term  ibughu 

EXAMPLES. 

1.  If  the  firft  term  be  2,  and  the  ratio  2,  What  is  the  13th  term? 

*•  s-3.    4-    5+  5+3=     »3 

?.  4.  8.  16.  32x32X8—8192  Anf.  Qr,  2X2l2~°i9?<» 

2.  A  merchant  wanting  to  purchafe  a  cargo  of  horfes  for  the 
Weftindies,  a  jockey  told  him  he  would  take  all  the  trouble  and 

-r. xpenfe,  upon  himfelf,  of  collecting  and  purchating  30  horfes  for 
the  voyage,  if  he  would  give  him  what  the  laft  horfe  would  come 
TO  by  doubling  the  whole  number  by  a  half  penny,  that  is,  two 
farthings  for  the  fir  ft,  four  for  the  fecon'd}  eight  for  the  third.  &c. 
to  which  the  merchant,  thinking  he  had  made  a  very  good  bar 
gain,  readily  agreed  :  Pray,  what  did  the  lad  horfe  come  to,  and 
what  did  the  horfes,  one  with  another,  coft  the  merchant  ? 

?..  2.  3.    4.    5.    6-j-  6— tzth.  12-J--     i2-j-  6rz!aft  term. 

2.  4.  8.  16.  32.  64x64—4096,  and  4O9('->x  4096x641= 
1073741824  7™. —^i  118481  i>-.  $d,  and  their  average  price  w?/. 

14^.  old.  apiece. 

RULS 
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RULE     II. 

When  the  indices  begin  with  a  cypher. 

1.  Write  down  a  few  of  the  leading  terms  of  the  feries,  as  be 
fore,  and  place  their  indices  over  them. 

2.  Add  together  themoft  convenient  indices  to  make  an  index, 
lefs  by  i  than  the  number  expreffing  the  place  of  the  term  fought. 

3.  Multiply  the  terms  of  the  geometrical  feries  together,   be 
longing  to  thofe  indices,  and  make  the  product  a  dividend. 

4.  Raife  the  firft  term  to  a  power,  whofe  index  is  one  lefs  than 
the  number  of  terms  multiplied,  and  make  the  refult  a  divifor,  by 
which  divide  the  dividend,  and  the  quotient  will  be  that  terra 
beyond  the  jirjt,  fignified  by  the  &im  of  thofe  indices,  or  the  term. 
fought. 

3.  If  the  firft  term  be  5,  and  the  ratio  3  ;  What  is  the  7th  term  ? 
O.  J.  2.  3-|-  2-j-  i~  6mindex  to  6thterm  beyond  the  ift  or  ;th. 

5>  l5-45<  J35X45Xi5zz9it25=:divi<iend. 

The  number  of  terms,  multiplied,  is  3  (viz.  135  X  45  X  ^1,5,)  and 
3  —  1—2  is  the  power  to  which  the  term  5,  is  to  be  railed  ;  but 
the  2d  power  of  5  is  5X6—25,  and  therefore  91  125—  25—3645 
the  7th  term  required. 

PROBLEM     II. 
Given  thejirjl  term,  the  ratio,  and   number  of  terms,  to  find  the  fum 

of  the  feries. 

RULE.—  Raife  the  ratio  to  a  power,  whofe  index  fhall  be  equal 
to  the  number  of  terms,  from  which  fubtraft  i  ;  divide  the  re 
mainder  by  the  ratio,  lefs  i,  and  the  quotient,  multiplied  by  the 
firft  term,  will  give  the  fum  of  the  feries. 
EXAMPLES. 

i.  If  the  firft  term  be  5,  the  ratio  3,  and  the  number  of  terms 
7  ;  What  is  the  fum  of  the  feries  ? 

Rations  x  3X3X3X3X3X3=2*  ^7=7  th  power  of  the  ratio, 
Subtraft     i 

Divide  by  the  ratio  lefs  irr3  —  1=2)2186 


Multiply  by  the  firft  termzz: 
Sum  of  the  ferie  2:^: 


0r,~-=^X5 

6      z 

2.  A  fhopkeeper  fold  13  yards  of  cloth,  on  the  following 
terms,  viz.  (zd.  for  the  firft  yard,  4^.  for  the  fecond,  8^.  for  the 
third,  £c,  1  demand  the  price  of  the  cloth. 

:68^  5^.  2rf.  AnJ. 

0.  Ai 
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3.  A  gentleman,  whofe  daughter  was  married  on  a  new  year's 
day,  gave  her  a  guinea,  promifmg  to  triple  it  on  the  fir  ft  day  of 
each  month  in  the  year  ;  Pray  what  did  her  portion  amount  to  ? 

gt2  _  t 

-  X  1  =  265720  guineas,  Anf. 

4.  What  debt  can  be  difcharged  in  a  year,  by  paying  i  {hil 
ling  the  hrfl  month,  iQj.  the  Tecoad,  and  fo  on,  each  month  in  a 
tenfold  proportion:  ? 

io*3~  i-r-io—  i  x  irri  1  1  1  1  ti  1  1  1  1  U.~555555555s£  i  is.  Anf, 

5.  A  man  threfhed  wheat  9  days  for  a  farmer,   and  agreed  to 
receive  but  8  wheat  corns  for  the  fir  ft  day's  work,  64  for  the  fec- 
ond,  and  fo  on  in  an  eightfold  proportion  ;  1  demand  what  his 
tj  days'  labour  amounted  to,  rating  the  wheat  at  $s.  per  bufhel  ?* 

8*—  i 
a        X  8~i  5  339^68  8  c0ms.  Amountrr^oY.  Os.  ^\dt  AnJ. 

6.  An  ignorant  fop  wanting  to  purchafe  an  elegant  houfe,  a 
•  facetious  gentleman  told  him  he  had  one  which  he  would  fell 

him  on  thefe  mode  rate"  terms,  viz,  that  he  fhould  give  him  a  pen 
ny  for  the  firfl  door,  zd.  for  the  fecond,  4^.  for  the  third,  arid  fo 
on,  doubling  at  every  door,  which  were  36  in  all  :  It  is  a  bar 
gain,  cried  the  fimpleton,  and  here  is  a  guinea  to  bind  it  ;  Pray, 
what  would  the  houfe  have  cofl  him  ? 


236  _ 


—  £286331153 


7.  A  young  fellow,  well  {killed  in  numbers,  agreed  with  a  rich 
farmer  to  ferve  him  iO  years,  without  any  other  reward,  but  the 
produce  of  one  wheat  corn  for  the  firfl  year,  and  that  produce  to 
be  fowed  from  year  to  year,  till  the  end  of  the  time,  allowing  the 
increafe  but  in  a  tenfold  proportion  ;  AVhat  is  the  fum  of  the 
whole  produce,  and  what  will  it  amount  to,  at  5^.  per  bufhel  ? 


*  X  lOzniiiniiiiio  corns.    Amountnr^^si  8/0^5  Anjl 

8.  Suppofe  one  farthing  had  been  put  out,  at  6  per  cent,  per 
annum,  Compound  Interest  at  the  commencement  of  the  Chrif- 
tian  y£ra  ;  What  would  it  have  amounted  to  in  1784.  years  ;  and 
fuppofe  the  amount  to  be  in  flandard  gold,  allowing  a  cubic  inch 
to  be  worth  jjg/.  %s.  8d.  How  large  would  the  mafs  have  been  ? 

a150  —  l 
''  "TZT"  Xi=£I4867i634656874S2094357i455150989°767c6536i  n  3$. 

^2798085972212123041,5979571232933594210766  cubic  inches  of  gold. 

As  355  :  113  :  :  360X69,5  :  7964  earth's  diameter.  360X69,5X7964X1327,33 
^2644828201  22  cubic  miles  in  the  globe, 

=67273337308854741368332000  cubic  inches  in  the  globe.      Then, 
27980859722121230415979571232933594210766—67273337308854741368832003 
=1415930899840288,8,    which,    however   incredible  it  may  appear  to  fome,  is 

more 

*  Note,  7680  -wheat  or  barley  corns  are  fuppofcd  to  make  a  pint. 
,.  t  Any  fum,  at.  6/.  per  cent,  per  aaauio,  csmpgund  intcreft,  v/ill  double  in  eleven 
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more  than  forfr  hundred  and  fifteen  millions  of  millions,  nine  hundred  and  thirty 
thoufgnd,  eight  hundred  and  ninety  nine  million,  eight  hundred  and  forty  thoufandj 
two  hundred  and  eighty  eight  times  larger  than  the  giobe  we  inhabit.* 

PROBLEM      III. 
Thefirjl  term,  the  laft  term  (or  the  extremes}  and  the  ratio  given,  to 

Jind  the  Jinn  of  the,  jerus. 

RULE. — Divide  the  difference  of  the  extremes  by  the  ratio  lefs 
by  i  :  Add  the  greater  extreme  to  the  quotient,  and  the  refult 
will  be  the  fum  of  all  the  terms. 

Or,  Multiply  the  greateft  term  by  the  ratio,  from  the  prcdu£b 
fubtra&  the  lead  term  ;  then  divide  the  remainder  by  the  ratio, 
lefs  by  i,  and  the  quotient  will  be  the  fum  of  all  the  terms. 

Or,  When  all  the  terms  are  given,  then,  from  the  produ£fc  of 
ihefecond  and  laft  terms  fubtraft 'thefquare  of  the/r/f  term  ;  this 
remainder  being  divided  by  thefecond  term  lejs  the_/zr//'j  will  give 
the  fum  of  the  feries. 

EXAMPLES. 

i.  If  the  feries  be  2.  6.  18.  54.  162.  486.  1458.  4374.  What  £* 
its  fum  total  ? 

Firft  method. 

From  the  greateft  termsr4374 
Subtract  the  leaft—       2 

Divide  by  the  ratio,  lefs  irrs — 1:^12)4073  diff»  of  extre  r 

Quotient— r  2 186 

Add  the  greater 


-656o  An/. 

Second  method. 
Greateft 
M^tiply  by  the  ration: 


Subtract  the  leaft  terrrizr:         2 
Divide  by  the  ratio,  lefs  by  i  X3~  1=2)13120 

_  6560  Anf. 

^MZiX,^^  6o 

3-1  7  In..  A 

years  and  three  hundred  and  twenty  five  days,  or  iif88djifcpst  Qf  11,89  is  nenr 
Enough,  tiieii,  if  you  divide  1784  by  11,89,  it  will  give  uBBpumbcr  of  terms  ie 
this  cafe  equal  to  150  ;  the  ratio  will  be  2,  and  the  firft  term  i. 

*  To  Had  the  folid  con:ent  of  a  globe.   "See  Art.  34th  of  Menfurntlon  of  S 
Nate  i  that  ^s^^cS  is  two  thirds  ol"  ^Sjgc^S  the  arra  of  a  circle,  whofc  diavriv- 
H  h 
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Third  method. 

Greaieft 
Multiply  by  the  fecond  term 


Subua£t  the  f quare  of  the  firft  termzr2  X  g —         4 

Divide  the  remainder  by  the  2d  term  lefs  the  ift~6 — 2—4)26240 

_        ___ 

Anf.  6560 

6—2 

2.  A  man  travelled  6  days,  the  firft  day  he  went  4  miles,  and 
each  day  doubling  his  day's  travel,  his  laft  day's  ride  was   128 
miles  ;  Ilow  far  did  he  go  in  the  whole  ? 

128—4 

-f-12^—2.?2   J*"Wj    Anf, 

3.  A  gentleman,  dying,  left  5  fons,  to  whom  he  bequeathed  his 
eftate  as  follows,  viz.  to  his  youngeft   fon  iooo/.  ;   to  the  eldeit 
5O62/.  ioj.  and  ordered  that  each  Ion  fhould  exceed  the  next 
younger  by  the  equal,  ratio  of  i|  ;   W7hat  did  the  leveral  legacies 
amount  to  ? 

r.   Anf. 


PROBLEM     IV. 
Given  th*  extremes  and  ratio,  tojind  the  number  of  terms. 

RULE.—  Divide  the  grcatefl  term  by  the  leaft  ;  find  what  pow 
er  of  the  ratio  is  equal  to  the  quotient,  then,  add  i  to  the  index 
of  that  power,  and  the  fum  will  be  the  number  of  terms. 

Ort  Subtract  the  logarithm*  of  the  leaft  term  from  that  of  the 
greateft  ;  divide  the  remainder  by  the  logarithm  of  the  ratio,  and 
add  i  to  the  quotient. 

EXAMPLES. 

i.  If  the  leaft  term  be  2,  the  greateft  term  4374,  and  the  ratio 
3  ;  What  is  the  number  of  terms  ? 

Divide  by  the  leaft  terran:2}4374~grcateft  term, 

3X3X3X3X3X3X3—  quotient>  2iB;r37th  power,  then 


*  Logarithms  are  artificial  numbers,  the  addition  el 
cation  of  whole  numbers;  and  fubtis&ion,  to  d>- 
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Or,  From  the  logar.  of  the  greateft  te  1-111:11:3.6408  8 
Subtract  the  logarithm  of  the  leaft  term—  0.30103 


t 

2.  A  gentleman  travelled  252  miles  ;  the  firft  day  he  rode  4 
miles  ;  the  laft  1  28,  and  each  day  's  journey  was  double  to  the  pre 
ceding  one  ;  How  many  days  was  he  in  performing  the  journey  ? 

PROBLEM     V. 

Given  the  leaft  term3  the  ratio,  and  the  fum  of  the  feries,  to  fold  the  toft 

term. 

RULE.  —  Multiply  the  fum  of  the  feries  by  the  ratio,  lefs  x,  to 
that  produft  add  the  firft  term,  and  therefult,  divided  by  the  ra 
tio,  will  give  the  Ian;  term. 

EXAMPLES. 

1.  If  the  firft  term  be  2,  the  ratio  3,  and  the  fum  of  the  feries 
6560  ;  What  is  the  laft  term  ? 

Sum  of  the  feriesrr656o 
Multiply  by  the  ratio  lefs  izr       2 

Produ6lzzi3i2o 
Add  the  leaft  termzz:         a- 

Divide  their  fum  by  their  ration^)  131  22 

_  4374  dnf. 

i    3  —  l  X  6560-1-2 
•     Or?  -  -  o°     ^  —4374  Anf. 
o 

2.  A  gentleman  performed  a  journey  of  252  miles  ;  the  firft 
day  he  rode  4  miles,  and  each  day  after  the  firft,  twice  fo  far  as 
the  day  before  ;.  How  far  did  he  ride  the  laft  day  ? 


Anfm 

a 
PROBLEM     VI. 

Given  the  leaft  term,  the  ratio,  and  the  fum  of  the  feries,  to  Jind  the. 
number  of  terms. 

RULE.  —  To  the  product  of  the  fum  of  the  feries  and  the  ratio 
minus  i,  add  the  firft  term;  which  fum,  dividedby  the  firft  term, 
will  give  that  power  of  the  ratio  fignified  by  the  number  of  terms. 

Or,  From  the  logarithm  of  the  fum  of  the  feries  plus  the  firft 
term,  multiplied  by  the  ratio  minus  unity,  take  the  logarithm  of 
the  firft  term  ;  the  remainder,  dividedby  the  logarithm  of  the  ra 
tio,  will  give  the  number  of  terms. 

EXAMPLE, 
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Z~.    X    A    M    P    L    £» 

If  the  firH:  term  be   2,  the  ratio  3,  zncl  the  fum  of  the  feries 
80  ;    vVhat  is  tha  number  of  terms 

rsumrr  80 
Multiply  by  the  ratio  lefs  i — 3 — is—  2 

160 

d  the  fir  ft  termnr     2 

Divide  by  the  Srft  term;rr2}i62 

81  which,  found  in  th-e 

T;,b!e  of   Power,  Is  the  4th  power  of  the  ratio,  therefore,  the 
number  of  terras  is  4. 

By  Logarithms. 

Sum~i:8o 
Add  the  firft  term~  z 

si 

Multiply  by  the  ratio  lefs  inr3~— 1==1  2 

Logarithm  of  164^2.21484, 
Subtra6c  the  logarithm  of  the  firft  termzr  .30*03 

Divide  by  the  logarithm  of  the  ratiozr.477i2)t.9i38i(4  An£ 

i  90848 

533 

P    R     O     B     L    E     r*       VII. 

Given  the  extremes,  and  the  fum  oj  thtf tries  ^  to  find  the  r*tio. 

RULE. — From  the  fum  of  the  feries  fubtraft  thte  leaft  term  ;  di 
vide  the  remainder  by  the  fum'  of  the  feries  minus  the  greateft 
term,  and  the  quotient  will  be  the  ratio. 

EXAMPLES. 

i.  If  the  leaft  term  be  2,  the  greateft  term  4374,  and  the  fura 
of  the  feries  6560  ;  What  is  the  ratio  ? 

Sum  of  the  feriesrr:656o 
Subtract  the  leaf!  termzz       2 

Divide  the  rem.  by  the  fum  of  |  _6  6 

the  ieries,  minus  greateft  term/"  6558 

a,  A 
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2,  A  debt  of  25  2/.  was  paid  in  Geometrical  ProgrefEsn, 
'-'-ft  payment  was  4/,  and   thre  la  ft  iz&l.    in  wivt,1   ratio  did  the 
payments  exceed  each  other  ? 

<2£2 — 4 

— _ -mz»  viz.  a  double  r-Hj 


PROBLEM     VIII, 

Given  the  extremes,  and  ihejum  of  the  fenes,  to  find  the  number  of 

terms, 

HULE  i. — From  the  logarithm  of  the  lad  term  fubtracl:  the  log 
arithm  of  the  firft,  and  make  the  remainder  a  dividend. 

2.  Subtract  the  logarithm  of  the  furn  minus  the  In'ft  term  from 
the  logarithm  of  the  fum  minus  the  fir  ft  term,  and  make  the  re 
mainder  a  divifor. 

3.  Divide  the  dividend  by  the  divifor,   and  the  quotient  plus 
x,  will  be  equal  to  the  number  of  terms., 

EXAMPLE. 

If  the  leaft  term  be  2,  the  greateft  term  4374,  and  the  fum  of 
the  feries  6560  ;  What  is  the  number  of  terms  ? 

From  the  logarithm  of  the  greateft  rermr±:3. 64088 
Take  the  logarithm  of  the  leail  term:r±o.3CiO3 

Dividend~3. 33985 

From  the  logarithm  of  the  fum  minus  the  frrft  term— 3.81677 
Take  the  logarithm  of  the  fum  minus  the  laft  term  111:3.3 3 96.5 

Divifonr:  .47712 

-f  *=- *  AnJ- 
3  33984 


PROBLEM     IX, 

Thefirft  tcrmt  the  number  of  terms,  and  the  laji  term  given,  to  find  tht 

ratio. 

RULE.— Divide  the  greater  extreme  by  the  lefs,  and  extract 
fuch  root  of  the  quotient,  whofe  index  is  equal  to  the  number  of 
terms,  lefs  i.  Or,  find  the  quotient  in  the  Table  of  Powers,  the 
root  of  which  is  the  anfwer. 

EXAMPLES, 

i.  Given  the  extremes  2  and  4374,  and  the  number  of  terms 
8  ;  What  is  the  ratio  ? 

•  Divide 
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Divide  by  theleaft  termrr2)4374zrgrcatefl  term* 

__  r_  1/2187—3 

/}r4374J8~1 

Vr,  -  -j        =3,  Anj. 

PROBLEM     X. 

The  extremes  and  number  of  terms  given,  to  Jind  thcfum  of  the  fails  9 
RULE  i.  —  Subtract  the  leafl  term  from  the  greatefl,  and  make 
the  difference  a  dividend.. 

2.  Divide  the  greateft  term  by  the  leafl,  and  extract  fuch  root 
of  the  quotient,  whofe  index  is  equal  to  the  number  of  terms  lefs 
i  ;  take  i  from  the  faid  root,  and  make  the  remainder  a  divifor. 
(Or  find  the  quotient  in  the  table  of  powers,  which  will  {hew  the 
root,  from  which  fubtraft  i.) 

3.  Divide  the  dividend  by  the  divifor,  and  the  greatefl  term, 
added  to  the  quotient,  will  give  the  £um  of  theferies. 

E  x  A   M  P   L   B. 

Given  the  extremes  2  and  4374,  and  the  number  of  terms  8  ; 
What  is  the  fura  of  the  feries  ? 

From  the  greatefl  termzz:4374 
Take  the  leaftzz:       2 

Make  this  remainder  a  dividend  437^ 
Divide  the  greatefl  term  by  the  leaft  2)4374 

7  u 

•    And  extraft  the  7th  root  of  the  quotient,  ^2187—3  :  Then, 
3—1:^:2)4372 


Add  the  greatefl  term—  4374 

6560  Anj". 

„  .  4374—  a 

Vr>  4374-1 


PROBLEM     XI. 
Given  the  ralio)  the  numlr 

RULE. — Divide  the  greateit  tei  cji  power  of  the  r 

whqfe  index  is  equal   to  the  rmrnber  of  terms,  lefs   i,   and  the 
quotient  will  be  the  lead  term. 
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E    X    A    M    P    L    B. 

If  the  ratio  be  2,  the  number  of  terms  6,  and  the  greateft  term 
128  ;  What  is  the  lead  ? 

Divide  the  laft  term %  2X2X2X2X  2  \— ,2^     gf  !A  f 
—5th  power  of  the  ratio  J — "  >    g^ 

PROBLEM     XII. 

Given  the  ratio,  the  number  of  terms,  and  the  greateft  term9  to  Jind 
the  fum  of  the  feries. 

RULE  i.  —  Divide  the  greateft  term  by  fuch  power  of  the  ratio, 
whofe  index  is  equal  to  the  number  of  terms  lefs  i  ;  take  the 
quotient  from  the  laft  term,  and  make  the  remainder  a  dividend1. 

2.  Divide  the  dividend  by  the  ratio  lefs  i,  and  the  quotient, 
added  to  the  greateft  term,  will  give  the  fum  of  the  feries. 

E  x  A  M  P   L  E. 

If  the  ratio  be  4,  the  number  of  terms  6,  and  the  greateft  term 
3072  ;  What  is  the  fum  of  the  feries  ? 


Frcwn  the  laft  term—  3072 
Take  the  quotient—       3 

Divide  by  the  ratio  lefs  1—4—1=3)3069 

Quotient—  1  023 
Add  the  greateft  term—  3072 


i=z  4095 


=  4095. 


PROBLEM     XIII. 

jtven  tkt  ratio,  the  number  of  terms,  and  the  fum  of  the  feries  ,  to  find 
the  Icafi  term. 

RULE.  —  Divide  the  ratio,  lefs  i,  by  fuch  power,  lefs  i,  of  the 
atio,  whofe  index  is  equal  to  the  number  of  terms,  and  the  quo- 
ieuf,  multiplied  by  the  fum  cf  the  furies,  will  give  the  leaft 

EXAM?  IE, 


2*3 

EXAMPLE. 

If  the  ratio  be  4,  the  number  of  terms  6,  and  the  fum  of  the 
feries  409.5  ;  What  is  the  lead  term  ? 
4X  4X4.X  4X  4X  4^409r>»  and  4096— 1—4095,  then,  the  ratio  lets 


l,  divided  by  409,5,  is-^-.and-^-x^--^^— — -~3  Anftaer. 

i^rxr-'  Al^^e-^         j  4OQ5 


^r»7nzi x  4°95:z::3- 

PROBLEM     XIV. 

Given  the  ratio,  the  number  of  terms,  and  the  fum  ofthejeries,  to 
thz  greateft  term. 

RULE  i. — Subtraft  that  power  of  the  ratio,  which  is  equal  to 
the  number  of  terms  lefs  i,  from  that  power  of  it,  which  is  equal 
to  the  whole  number  of  terms. 

2.  Divide  the  remainder  by  that  power  of  the  ratio  minus  uni 
ty  which  is  equal  to  the  number  of  terms,  and  the  quotient,  mul 
tiplied  by  the  fum  of  the  feries,  will  give  the  greatefl  term. 

EXAMPLE. 

If  the  ratio  be  4,  the  number  of  terms  6,  and  the  fum  of  the 
feries  4095  ;    What  is  the  greatefl  term  ? 
From       4X4X4X4X4X4~46=4°96 
Subtraa  4X4X4X4X4       =4*—i 


Divide  by  46  —  1^:4095)3072^3^  -  which,  multipli? 

4095 

.  3072     4005     12570840 

ed  by  the  fum,  is^-i-  X  ^--^~-—  —  —  =3072  Anf. 
4095        i  40.95 

46  —  46"1 

X  4095— 


, 
4 

The  two  laft  problems  may  be  folved  by  one  fliort  operation 
thus  :  Divide  the  fum  by  the  ratio,  and  the  remainder  after  the 
operation  will  be  the  leaft  term  ;  then  take  the  quotient  from  the 
fum  of  the  feries,  and  the  remainder  will  be  the  greatefl  term. 

For  the  lead  term.  For  the  greateft  term. 

4)4095(1023  quotient.  From  the  fumzr 

4  Subtract  the 


09  AnL  = 

8 


12 

3 
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PROBLEM     XV. 
the  ratio^  the  lafi  term,  and  the  fum  of  the  Jerigs  ^  to  find  thejirft 

term. 

RULE.  —  From  the  fum  of  the  isrics  take  the  lad  term,  and  mul 
tiply  the  remainder  by  the  ratio  ;  then  take  this  prodnft  from 
the  fum  of  the  feries,  and  the  remainder  will  be  the  firft  teim. 

EXAM   p    L    E, 

If  the  ratio  be  4.  the  laft  term  3072.  and  the  fum  of  the  feries 
4095  ;  What  is  the  firft  term  ? 

From  the  fum—  4095 
Take  the  laft  term  —  3072 


Multiply  by  the  ratio"       4 

Subtract  4092  from  the  fum. 

And  the  remainder       3  is  the  Anjwtr. 
PROBLEM     XVI. 

Given  the  ratio,  ike  Uift  term,  and  the  fiim  of  the  Jeries,  to  find  the 

number  of  term,1!. 

RULE  i.  —  Multiply  the  difference   between  the  fum  and  the 
laft  term  by  the  ratio,  and  note  the  product. 

2.  Subtract  this  product  from  the  fum,  and  note  the  remainder. 

3.  From  the  logarithm  of  the  lafl  term  fubtracl  the  loga*- 
of  the  remainder. 

4.  Divide  this  laft  remainder  by  the  logarithm  of  the  ratio,  and 
the  quotient,  plus  unity,  will  give  the  number  of  lerms. 

E    X    A    M     P     L      E. 

If  the  ratio  be  3,  the  laft  term  54,  and  the  fum  of  the  feries 
80  ;  What  is  the  number  of  terms  ? 

From  the  fum~8"O 
Take  the  laft  term—  54 

Remainder—  26 
Multiply  by  the  ratio—  3 

Produft™  78 

From  the  fumm8o 

Take  the  product—  78 

Remainder—  2 

From  the  logarithm  of  54—1.73239 
Take  the  logarithm  of  the  remainder—  .30103 

Divide  by  tlje  logar.  of  the  ratios:«477  12)  1,43  136(3-1-1  ^4  ^£ 
li   , 
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PROBLEM     XVII.  and  XVIIL 

Given  the  number  of  terms,  the  laji  term,  and  thejum  of  tkeferies,  it 

jind  the  Jirfl  term  and  the  ratio. 

The  fetation  of  thefe  two  Problems  being  very  tedious  by  the 
Theorems,  they  may  be  folved  by  a  very  fhort  operation  ;  thus, 
Divide  the  fum  of  the  feries  by  the  difference  between  the  funi 
and  the  laft  term  ;  the  quotient  will  give  the  ratio,  and  the  re 
mainder,  after  the  operation,  the  firll  term.  EXAMPLE. 
Tfit following  Table  exhibits  ajummary  view  oj  the  doElrine  of  Geomet 
rical  Progreffion. 
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GEOMETRICAL  PROGRESSION. 

EXAMPLE. 

If  the  number  of  terms  be  4,   the  laft  term  54,  and  the  flim  of 
>f  the  feries  80  ;  Required  the  firft  term  and  the  ratio  ? 

From  the  fumrzSo 
Take  the  laft  termzz:54 

Divide  by  the  difference— 26)80(3  the  rati*. 

78 
The  firft  term— 2  SIMPLE 
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a~firft  or  leajl  term. 
1    !t=zlaj*  or  grf.atejt  term. 
y    f  ]                     Jltke.  terms  \ 
'  °  j    nz^niimker  ojt:rms. 
1    r~ratio. 
*•  L~logarithnt. 

?5*  S  I  M  P  L  E    I  N  T  E  R  E  S  T. 

SIMPLE        INTEREST. 

Intereft  is  a  premium  allowed  by  the  borrowe*  of  any  fwm  of 
money  to  the  lender,  according  to  a  certain  rate  per  cent,  agreed 
en,  which  by  law  is  ilated  at  6/.  that  is,  61.  for  the  ufe  of  iOO/. 
for  one  year,  &c. 

Principal  is  the  money  lent. 

Rait  is  the  fum  per  cent,  agreed  on. 

Amount  is  the  principal  and  intereft  added  together. 

Intereft  is  of  two  forts.,  fnnple  arid  compound. 

Simple  Intereft  is  that,  which  is  allowed  for  the  principal 
lent  only. 

Aotf.  The  rules  for  Simple  Intereft  ferve  alfo  to  calculate  com- 
miflion.  brokerage,  infurance,  purchanng  flocks,  or  any  thing 
die  rated,  at  io  much  per  cent. 

GENERAL     RULE, 

1.  Multiply  the  principal  by  the  rate,  and  divide  the  product 
by  too  (or,  which  is  the  lame,  cut  off  the  two  right  hand  figures 
in  the  pounds,  which  muft  be  reduced  to  the  loweft  denomina 
tion,  each  time  cutting  off  as  at  firft)  and  the  quotient  will  be 
the  anfwer  for  one  year. 

2.  For  more  years  than  one,  multiply  the  intereft  of  one  year 
by  the  given  number  of  years,  and  the  product  will  be  the  an 
fwer  for  that  time. 

3.  If  there  be  parts  of  a  year,  as  months,  or  days,  work  for  the 
months  by  the  aliquot  parts  of  a  year,  and  for  the  days,  by  the 
Rule  of  Three  Direct,  or  (which  is  fufficiently  exact  for  common 
ulc.)  allowing  30  days  to  the  month,  take  aliquo^parts  of  the  fame. 

b 

7      _ 

of  the  given  number  of 
months,  cutting  off,  as 
before  directed,  and  you 
will  have  the  intereft  for 
the  given  time. 


** 

9 

~ 

*"  4. 

Note.     When 

8 
6 

multiply 

2 
"3 

JL 

the  rate  per  cent. 

theprin-  •< 

1 
i      * 

j  er  annum,  is 

3 

cipal  by 

3 

* 

2 

„ 

•      T-      ~ 

EXAMPLES 
i.    What  is  the  intereft  of  57 3^.  131. 
;r  cciit.  j^er  ann.  ?        £.      s.      d. 

573     J3    9i 
6 


for  one  year,  at 


34(42 


20 


12 


^2  Anf.  £34  8^-. 
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s.  What  is  the  intereft  of  329^.  171.  6J//.  for  3  years,  7  mo 
and  12  days,  at  $1.  per  cent,  per  annum  ? 


£.      s.      d. 
329     17     6{ 

5 

6  months 
i  month 

lO  d 
2  days 

i 

To 

JL 

A 

I 

/'- 

329 

s., 

ll 

d. 

6| 

i6|49      7    8f 
20 

12 
10)52 

4 

16 

9 

g2 

49 
•5 

i 

9 
4 
7 
9 

si 
9! 

£59      i$'i*f- 

6  months 

i  month 
10  days 
2  days 

i 

_^ 

I 

16    9 

lof  intered 
3 

of  i  year 

3  years 
6  months 
i  month      J 
10  days 
2  days. 

49     9 
8     4 

i     7 
9 
t 

7!  ditto  of 
1  1^  ditto  of 
5|  ditto  of 
i^:  ditto  of 
9!  ditto  of 

Y.    m.  a. 
59  13  ditto  of  3      712 


3.  What  is  the  intereft  of  439'.  iaj,  g-Jrf.  at  6/.  per  cent,  per 
ann.  for  16  months  ? 


439    12 


rzf  the  number  of  months. 


-<**/•  £351' 7       2    4 
20 


4.    What 
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4.  Whatistheintereftof59i£  15*.  9!^.  for  15  months,  at  8/.  per 
cent,  per  ann.  ?  ^—l-  the  number  of  months, 


2O 

'•3157 

12 

d.  6(92 
4 

*"•  Sl7° 

5.  What  i»  the  intereft  of  347^  7  J.  5!  rf.  at  4^.  per  cent,  per  ann, 
for  15  months  ?  5~T  tne  number  of  mpnths* 

17    3i 

20 

J-  7i37 

12 

rf.  4)47 
4 

jfr.  1)90 

6.  What  is  the  interefl  of  517^.  15^.  4^.  for  i  month,  at  6^.  per 
cent,  per  ann.  ?  Anf.£z   11  gj. 

7.  Of  457^  12J-.  8Jrf.  for  2  months,  at  6J.  per  cent,  per  ann.  ? 


8»  Of  347^.  5^.  90?.  for  g  months,  at  61.  per  cent,  per  ann.  ? 

,,Anf.£5   4  2. 

9.  Of  397^.  ig-f.  for  4  months,  at  6/.  per  cent,  per  snn.  ? 

Avf.£7  19  2. 
to.  goS/.  iQj.  5f  ^.  for  5  months,  at  61.  per  cent,  per  ann.  ? 

An/.  £12   14  3. 

11,  719^.  19*.  41^.  for  6  months,  at  61.  per  cent,  per  ann,  ? 

Anf.  £&i    11    n|. 

12.  396?.  5J.  loaf,  for  7  months,  at  61.  per  cent,  per  ann.  ? 


J3»  5J7^  11J'«  n{^.  for  8  months,  at  6/.  per  cent,  per  ann,  ? 

AnJ  '.  £20   >4  O^« 
14.  245/.  5^  8|rf.  for  9  months,  at  6/.  per  cent,  per  ann.  ? 

/•j'ff/.   /Il    O   9. 

.  for  10  months,  at  6/,  per  cent,  per  arm.  ? 

-4«A  £9   J5  94- 
16. 


SIMPLE,   INTEREST. 


a  6.  148^.  i2.r,  6|d.  for  11  months,  at  61.  per  cent,  per  ann.  ? 

**f-£*  351* 
17.  509^.  9^.  2d.  for  13  months,  at  61.  per  cent,  per  ann.  ? 


18.  3i7/.  17^.  8fd.  for  14  months,  at  61.  per  cent.  per  ann.  ? 

^!/-  ,£22  5  °l 

19.  443^.  ios.  §d.  for  15  months,  at  61.  per  cent,  per  ann.  ? 

A*f-£to  5  3- 
so.  S93/.  7-r.  $d.  for  16  months,  at  61.  per  cent,  per  ann.  ? 

9  5- 


ai»  333^  13>r*  3l^»  ^or  47  nionthsj  at  61.  per  cent,  per  ann.  ? 

Anf.  £rf  7  2 


22.  517^.  6j.  6cf.  for  18  months,  at  6/.  per  cent,  per  ann.  ? 

Anf,  £"46  112 

23.  347  /.  iu.  7fd.  for  19  months,  at  6£.  per  cent,  per  ann.  ? 


84.  419^.  12J-.  §d.  for  20  months,  at  61.  per  cent,  per  ann«  ? 

AnJ.f^i   19  2^ 

^5'  537^  iS1*  5f^«  f°r  iC  months,  at  g/.  per  cent,  per  ann«  ? 

Anf.  £64  10  4|. 

26.  i"97/.  19;.  i{^.  for  15  months,  at  8/.  per  cent,  per  ann.  ? 

Anf.  £19  15   iO|. 

27.  2i7/.  iQj.  4±d.  for  18  months,  at  4^.  per  cent,  per  ann. 


28.  327^  151.  9^.  for  16  months,  at  3/.  per  cent,  per  ann.  ? 

Anf.£i$  a  a|. 

29.  487^.  i6>f.  4!^.  for  30  months,  at  zl.  per  cent,  per  ann.  ? 

Anj.  £34  7  9|. 

30.  i/.  for  i  year,  at  6  per  cent,  per  ann.  ? 

Anf.  is.  zd.  i-j%-?r. 

31.  517/..12J.  8|i/.  for  5  years,  n   months  and  25  day*,  at  6/, 
per  cent,  per  arm.  ;4 

18  4. 


TASLS 


SIMPLE  INTEREST*  BY  DECIMALS. 
A  TABLE  of  RATIOS,  from  one  pound;  Sec.  to  ten  pounds* 


•a  tc  pi*..-  <•  -//'.I  t-'a'io*.  \Rate.  per  cent. 

Kuf/^j.j  :V/2;e  ^er  cfn/. 

Ratios. 

i 

,01 

4 

,04 

7 

5*^  / 

l| 

<0i25 

*i 

•0425 

7! 

3°725 

l| 

>0'5 

44 

»«45 

7\ 

to/5 

*l 

•0175 

4l 

>°475 

71 

j°77S 

a 

,02 

5 

,05 

8 

,08 

,0225 

5* 

,0525 

81 

,0825 

*1 

,025 

5f 

>°55 

84 

»c85 

*4 

:°"75 

si 

»°575 

«l 

,0875 

3 

•03 

6 

,06 

Q 

}°9 

8| 

sl 

-°325 
»°35 

« 

61 

,062.5 
,065 

N 

9.1 

50925 
5°95 

3J- 

:°*7/> 

g| 

,067,5 

9J 

,0975 

Ratio  is  the  Simple  Interefl  of  il.  for  i  year,  at  the  rate  per 
cent,  agreed  on. 

A  TABLE  for  the  ready  finding  the  decimal  parts  of  a  year,  equal  to 
any  number  o/'day?.  or  quarters  of  a  year. 


Days. 

Learned  pans.\DayS.\Der-mal  parts. 

On  vs,\i  decimal  parts. 

i 
2 

3 
4 

8 

9 

,00274 
Jo05479 
,0082  19 
,010959 
,013690 
,016438 
,019178 
,022918 
,024657 

10 
20 

30 

40 

50 
60 

70 
80 

9° 

,027397 

,082192 
,109589 
,136980 
•',164383 
.191781 
.219178 

1OO 
2QO 
300 

365 

>547945 
,821918 

i  ,000000 

CASE       I.* 

The  principal.,  lime,  and  ratio  are.  givenjo find  iheinterejl  andamcunl. 
RULE,. — Multiply  the  principal,  time  and  ratio  continually  to 


gether,  and  the  lafl  product  will  be  the  inteteft,  commifiionj 
brokage,  &c.  to  which  add  the  principal,  and  the  (urn  will  ba 
the  amount. 

E     X    A    M     P     L    E     3. 


1.  Required  the  amount  of  53"'. 
for  5  years  ? 


*  The   following  Theorems  \vili  fiicw  . 
Where  jfcrpriiicipal,  /— cimc,  rrrracio,  and  a~ 

a 


t  6/,  per  cent,  per  ann« 
Principal 

>f  Simple  Intcicil  i 


SIMPLE  INTEREST  BY  DECIMALS 

Principal  537,5 
Multiply  by  the  ratiozz     ,06 

Product  32,250 
Multiply  by  the  timezr          5 


Add  the  principal=^537,5 


20 
15,00  Anf.  £698 


2.  What  is  the  fimple  intereft  of  917^.  i6j.  at  5/.  per  cent,  per 
arm.  for  7  years  ?  Anf.  £"321   4  7. 

3.  What  is  the  amount  of  39*£  17-*.  at  ^\l.  per  cent,  per  ann. 
for  3!  years  ?  Anf.  £449  3   i|. 

4.  What  is  the  amount  of  235^.  35.  gd.  at  5|/.  per  cent,  per 
ann.  from  March  5th,  1784,  to  November  z^d,  1784  ? 

Anf.  £244  o  8|, 

5.  If  my  correfpondent  is  to  have  2*1,  per  cent.  ;  What  will 
his  commiffion  on  785^.  i5.r.  amount  to  ?  Anf.  £iq  12   ioj. 

6.  What  will  be  the  intereft  and  amount  of  445^.  io.r.  in  3  years 
and  129  days,  at  8-J/.  per  cent,  per  annum  ? 

Anf.  Intereft,  £126  19  8|,  and  the  amounti^ry^Si  9  ET. 

7.  If  a  broker  difpofes  of  a  cargo  for  me,  to  the  amount  of 
637^  iOj,  on  commiffion  at  i|/4  per  cent,  and  procures  me  another 
cargo  of  the  value  of  8i7/.  15^.  on  commiffion  at  i~l.  per  cent.  ; 
What  will  his  commiffion,  on  both  cargoes,  amount  to  ? 

Anf.  £22  5  7. 
C     A     S     E    t  II. 

The  amount,  time,  and  ratio  given,  tojind,  the  principal. 

RULE.  —  Multiply  the  ratio  by  the  time  ;  add  unity  to  the  prod 
uct  for  a  divifor,  by  which  fum  divide  the  amount,  and  the  quo 
tient  will  be  the  principal. 

EXAMPLES. 

i.  What  principal  will  amount  to  1045^.  14^.  in  7  years,  at  6/a 
per  cent,  per  annum  ? 

Ratiorr:,o6 
Multiply  by  the  time—    7 

Produ6hz:,4a 
Add  i 


—£736  8  2. 
Kk  Or, 
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, 

2.  What  principal  will  amount  to  38io/.  in  6  years,  at  ^l.  per 
cent,  per  annum  ?  AnJ.  £^3000* 

3.  What  principal  will  amount  to  6661.  gs.  o^d.  in  3!  years, 
at  5|£  per  cent,  per  annum  ?  AnJ.  ^563. 

4.  What  principal  will  amount  to  335^.  7^.  %d.  in  3  years  and 
97  days,  at  gf£  per  cent,  per  annum  ?  AnJ.  £255  19  oj. 

CASE       III. 

The  amount^  principal,  and  time  given,  to  Jind  the  ratio. 

RULE.  —  Subtract  the  principal  from  the  amount  ;  divide  the 
remainder  by  the  producl  of  the  time  and  principal,  and  the  quo 
tient  will  be  the  ratio. 

EXAMPLES. 

i.  At  what  rate  per  cent,  will  543^.  amount  to  705^.  i8j.  in  5 
years  ? 

From  the  amountr=:7O5,9 
Take  the  principalzr543 


Divide  by  543  X  S^ 

162  90 

=.o6=£6  Anf. 

* 


543X5 

2.  At  what  rate  per  cent,  will  391  A.  17^.  amount  to  449?. 
jflf.  ,74?^.  in  3|  years  ?  AnJ. 

3.  At  what  rate  per  cent,  will  41  3/.  12^.  6d.  amount  to 
J.  ioj^.  in  4|  years  ?  Anf. 

4.  At  what  rate  per  cent,  will  3COO/.  amount  to  38  to/,  in  6  years? 


C     A     S     E       IV. 

'The  amount,  principal,  and  rate  per  cent,  given,  to  find  the  time. 

RULE.  —  Subtract  the  principal  from  the  amount  ;  divide  the 
remainder  by  the  produft  of  the  ratio  and  principal  ;  and  the 
quotient  will  be  the  time. 

EXAMPLES. 

I.  In  what  time  will  543^.  amount  to  705^.  i8.f.  at  61.  percent, 
per  annum  ? 

From  the  amountrr7o5,9 
Take  the  principal—  543 

Bivideby  543  X  ,06^32,58)162,9(5^^  AnJ. 

162  9 

2.    I» 
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2.  In  what  time  will  3009^.  amount  to  3810^.  at  4^  pe*  cent, 
per  annum  ?  Anf.  6years. 

3.  In  what  time  will  391^.  17*.  amount  to  449/.  3*.  i%d.  at  ±\l. 
per  cent,  per  annum  ?  AnJ.  3!  years* 

To  find  the  Inter  eft  of  any  Sum,  at  6  per  cent,  per  ann.for  any  num 
ber  of  Months. 

RULE. — If  the  months  be  an  even  number,  multiply  the  prin 
cipal  by  half  that  number  ;  and  if  the  months  be  uneven,  halve 
the  even  months,  to  which  annex  •£-$  ;  thus,  the  half  of  19  is  9,5  ; 
and  multiply  the  principal  as  before,  cutting  off  two  figures  more 
at  the  right  hand,  than  there  are  decimals  in  both  factors,  which 
reduce  to  farthings,  each  time  cutting  off  as  at  firft. 

4.  What  is  the  intereft  of  345^  i6s.  6d.  for  9  years  and  11 
jnontliSj  at  6  per  cent,  per  annum  ?  Y.  m. 

9   **• 

12 

*)ii9  months. 
345»825         59j5~l  No.of  months, 


1729125 
3112425 
1729125 

^205,765875—^205  15 
Principal— £345   ib 


Amountzr^55i   n  9$ 

A  TABLE  of  decimal  parts  for  every  day  in  the  twelfth  part  of  a  year, 
which  confijls  of  365  {  days. 


Days\dtc.pts.\Days\dex.pis\{Day*\dec.pts.\Days\dec.pts.\Uays\d>>c.pts\ 


1 

,033 

7 

>23 

»3 

5427 

19 

,624 

~5 

,821 

,  2 

,066 

8 

,263 

M 

,46 

20 

,657 

26 

1*54 

3 

,098 

9 

,296 

»5 

5493 

21 

,69 

27 

,887 

4 

»»ar^ 

10 

,3^8 

ib 

,526. 

22 

»723 

28 

,92 

5 

,164 

1  1 

5301 

J7 

,558 

23 

,750 

29 

,953 

6 

^97 

1  2 

,394 

18 

.591 

24 

,788 

30 

,986 

To  find  the  Intereft  of  any  Sum,  either  for  Months,  or  Months    and 
•Days,  at  6  per  cent,  per  annum. 

R  u 


L    E. 


Multiply  the  principal  by  the  number  of  months  (or  months 
and  parts,  anfwering  to  the  given  number  of  days  in  the  table) 

and 
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and  cut  off  one  figure  at  the  right  hand  of  the  produft  more  than 
is  required  by  the  rule  in  decimals,  and  the  pror^u&  will  be  the 
intereft  for  the  given  time,  in  (hillings  and  decimal  parts  of  a 
ihilling. 

i.    What   is  the    intereft   of        ,2.  What    is  the   interefl   of 
lOO/.  for  a  year  ?  2.5O/.  iOj.  for  19  mouths  and  7 

Principals  03  days  ?        _ 

Mult,  by  the  monthsmi  2  Principal:^  250,5 
Timeiz:    19,23 

Anf,  J.i2o|0:n6/. 

Note.  This  Table  may  al- 
fo  be  ufed  for  the  parts  of  a  year, 
in  Compound  Intereft,  after 
having  worked  for  whole  years. 


Anf.  $.481,7  115 
"  i  8*. 


Another  Method  of  calculating  INTEREST  for  Months,  at  61.  per 
cent,  per  annum. 
RULE.' 

If  the  principal  confifl  of  pounds  only,  cut  off  the  unit  figure, 
and,  as  it  then  (lands,  it  will  be  the  interefl  for  one  month  in 
ihillings  and  decimal  parts  :  —  If  it  conlifl  of  pounds,  (hillings, 
&c.  reduce  the  (hillings,  &c.  to  decimals,  which,  with  the  unit 
figure  of  the  pounds,  will  be  decimal  parts  of  a  (hilling, 

EXAMPLES. 

i.  What  is  the    intereft   of  2.  What   is    the   interefl   of 

375/.  for  5  months  ?  255^.  i6s.  for  7  months  ? 

£*  1  75  rr  1  7  ,  5  Jhill.  rz  intereft  .          Skill. 

for  i  month.  £255  1^^^25>5^  int.  for  i  mo, 

'7.-5  7 

Mult,  by  the  timerr      5  -  — 

-  2,0|  179,06 


£8  19  of 


Anf.  -=i£±  7  6 

SIMPLE  INTEREST  txr  FEDERAL  MONEY, 
PROBLEM     I. 

Whtn  the  principal  is  given  in  lawful  money  t  and  the  interejt  is  requir 
ed  in  federal  money  ,  at  6  per  cent,  per  annum. 

RULE.  —  Reduce  the  (hillings,  &c.  to  their  equivalent  decimal, 
by  infpeftion,  divide  the  whole  by  5,  and  the  quotient  is  the  an 
nual  intereft  :  Or.  multiply  the  principal  by  2,  and  the  produft 
(having  the  unit  figure  of  the  pounds  cut  off)  will  be  the  interefl 
as  before.  EXA-M  p  L  E  s. 
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EXAMPLES. 

1.  Required  the  annual  interefl  of  517^  3.?.  7\dt  at  6  per  cent.  ? 
'•3*.=:,  15  5)5  17>'81     Dob.  c.m. 

i|^.~    30  103,436—103.4356  Anf> 

Excefsofi2  zz      i 

--          I    Or,    517,181 

5t8i  2 

-  .........  •'•    Dolt.  c.  m. 

103,4362—  103,43,6^ 

2«  Required  the  animal  intereft  of  \i.  in  dollars  r 
5)1,00 

20  cents,  AnJ. 

PROBLEM     II. 

When  the  principals  given  in  lawful  money,  and  th.eintf.reft  and  amount 
art  required  inj-ederal  money,  at  6  per  cent. 

RULE.  —  Reduce  the  lawful  money  to  federal,  then  divide  the 
principal  by  acfand  that  quotient  by  5  ;  add  thole  quotients  to 
gether,  and  they  are  the  interefl;  or  add  them  to  the  principal, 
arid  their  fum  is  the  amount. 

EXAMPLES. 

1.  Required  the  amount  of  425^.  i6s.  8l<af.  for  one  year,  at  6  per 
cent.  ? 

58  3)425,835 

34 

i  20)1419,450 

-  5)7°:9725 

,835  M>«94> 

--      Dots.  c.  m. 
1504,6170—1504,61,7 

2.  Required  the  amount  of  1  1  zl.  qs.  6d.  for  i  year  ? 

,2  3)112,225 

24 


i  20)374.083 

5)18,7041 
,225  3,7408 

—  •  -    Dots.  c.  m. 
396,52,79—396,5^,7,9  Anf. 
PROBLEM     III. 

Whtn  the  principal  is  lawjul  money  y  find  the.  monthly  inter  eft  is  required 
in  federal  money, 

RULE.—  Reduce  the  (hillings,  &c.  to  decimals,  by  infpetlion, 
then  feparate  the  right  hand  figure  of  the  pounds  with  the  deci 
mals,  divide  by  6,  and  the  quotient  is  the  ariivver  irj  dollars, 
cents,  &':,  EXAMPLE 
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EXAMPLE. 

Required   the  monthly  intereft  of  425^.   i6s.   84  d.  in  federal 
money  ? 

8 
34  6)42,5835  Dols.c.  m. 


835 

PROBLEM     IV. 

When  the  principal  is  federal  meney,  and  the.  intereft  is  required  in  the 

Jame. 

RULE.  —  Work  according  to  the  general  rule  in  fimple  intereft, 
that  is.  multiply  by  the  rate  of  intereft,  feparate  the  two  right 
hand  figures  of  the  dollars  in  the  produft,  and  it  will  give  the 
intereft  in  dollars,  cents,  &c. 

N.  B.  The  figures,  which  are  mpre  than  three  places  to  the 
right  hand  of  the  comma,  are  of  no  ac  ;ount. 

EXAMPLES. 

i  .  What  is  the  annual  intereft  of  537^.  240.  6m.  at  6^per  cent,  ? 
D.   c.m. 

>6 
6 

D.c.m. 


32,23476—32,23.4  AnJ. 

2.  What  is  the  intereft  of  i^6^D.  ^6c.  6m.  for  16  months,  at 
6  per  cent,  per  annum  ? 

D.    c.m. 
1465,46,6 

Szzrhalf  the  number  of  months. 
—————       /).  c.  m. 
117,237281=117,23,7   AnJ. 

3,  What  is  the  intereft  of  537^.  34^.  im>*  for  19  months,  at  6, 
per  cent,  per  annum  ? 

D.    c.m. 

537»34,7 

9,5=rhalf  the  number  of  months. 

2686735 
4836123 

-  .       D.  c.  m. 
51,047965—51,04,7   AnJ. 

N.  B.  Becaufe  there  arc  4  decimals  in   the  multiplicand  and 
multiplier,  I  cut  off  4  ,  %  /t;iem,  -•  -ore  according 

to  the  rule. 

PROBLEM 


SIMPLE  INTEREST  BY  DECIMALS.  2^3 

PROBLEM     V. 

When  the  principal  is  federal  money,  and  the  monthly  intereft  is  required 

in  thejante,  at  6  per  cent,  per  annum. 

RULE.—  -Separate  the  two  right  hand  figures  of  the  dollars,  and 
you  then  have  the  intereft  of  two  months  ;  half  of  which  is  the 
monthly  intereft  in  dollars,  cents,  &c.  If  there  is  but  one  place, 
•r  figure,  of  dollars,  a  cypher  muft  be  prefixed  to  the  left  hand* 

EXAMPLES. 

i.  What  is  the  monthly  intereft  of  ()D.  59^  702,  at  6  per  cent* 
per  annum  ? 


,047985=14,8  nearly,  Anf. 

2.  What  is  the  monthly  intereft  of  iooD.  $oc.  ^mt  ? 
2)1,00505      c.  m. 

,50252=150,2!,  Anf. 

Rules  for  calculating  Intereft  for  Days. 
RULE     I. 

Multiply  the  given  principal  by  the  given  number  of  days," 
and  that  product  by  the  rate  on  the  pound  :  Divide  the  laft  prod 
uct  by  365  (the  number  of  days  in  a  year)  and  it  will  give  th« 
intereft. 

E    X    A    M    P     I     E. 

What  is  the  intereft  of  360^.  10*.  for  175  days,  at  6  per  cent.? 


RULE     II. 

Multiply  the  given  principal  by  the  given  number  of  days, 
and  divide  the  produft  by  6083,  for  61.  per  cent.  ;  (the  number 
of  days  in  which  any  fum  will  double,  at  that  rate)  the  quotieat 
will  give  the  anfwer. 

EXAMPLE. 

What  is  the  intereft  of  327^.  lOs.  at  6  per  cent,  per  annum,  for 
2  to  days  ? 

i.  6  , 


Rule  for  making  a  Diviforfor  any  Rate  per  Cent. 
Multiply  365  by  100,  and  divide  the  product  by  the  rate, 

Thus,  for  6  per  cent.-  '  ;.  -  1=6083  divifor. 

365X100 

For  5  per  cent,  --  —7300  divifor,  &c. 
5 

Perhapa 
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Perhaps  the  moft  convenient  way  to  calculate  at  6  per  cent,  is 
firft  to  do  it  for  5  and  then  add  one  fifth  of  the^juotient  to  itfelf  1 
becaufe,  by  cutting  off  the  two  cyphers  in  the  divifor,  you  have 
to  divide  only  by  73. 

Hence,  when  intereft  is  to  be  calculated  on  eafh  accounts,  ac 
counts  current,  or  any  other  accounts,  where  partial  payments 
are  made,  or  partial  debts  arc  contracted  ;  multiply  the  feveral 
balances  into  the  days  they  are  at  intereft,  and  the  fum  of  thefe 
produces,  divided  as  above,  will  give  the  intereft  at  5^.  or  61.  per 
cent,  and  for  any  other  rate,  make  the  proper  addition  or  deduc 
tion  ;  or  find  a  divifor,  as  before  direfted. 

EXAMPLE. 

On  the  ift  of  January  I  lent  450^.  lOs.  6d.  which  I  received 
back  in  the  following  partial  payments,  viz.  on  the  i4th  of  Jan 
uary,  57/.  iiJ.  gd.  ;  on  the  7th  of  February,  39^.  $s.  tod.  ;  on  the 
ipth  of  March,  6$l.  $s.  zd.  ;  on  the  4th  of  April,  45^.  ;  on  the 
2§th  of  April,  igl.  izs.  6d.  ;  on  the  i^th  of  May,  too/.  ;  on  the 
loth  of  June.  6oL  •js.  $d.  ;  and  on  the  ift  of  Auguft,  65^  lOj.  ; 
Wha?t  intereft  is  due  at  6  per  cent.  ? 


Bates.                                                                        /*.      s.      d.  Da\s.       Produfts. 

January 

i 
*4 

Lent  on  demand                 -     - 
Received  in  part    .... 

45° 
57 

10 
11 

6 

9 

13 

5856  16  6 

February 

7 

Balance 
Received  in  part     -     -     -    - 

392 
39 

18 
3 

9 

10 

24 

9430  10  a 

March 

*9 

Lai. 
Received  in  part     -     -     -     - 

353 
63 

H 

5 

11 

a 

40 

14149  16  8 

April 

4 

Sal. 
Received  in  part    .... 

290 
45 

9 

o 

9 

0 

16 

4647  16  o 

£al. 

245 

9 

9 

22 

5400  14  6 

Ditto 

26 

Received  in  part     -    -     -    - 

'9 

12 

6 

Sal. 

225 

»7 

3 

l6 

3613  16  o 

May 

12 

Received  in  part     -    -     -    - 

100 

0 

o 

Bal. 

I45 

»7 

3 

29 

3650    o  3 

June 

10 

Received  in  part     .     -     -     - 

60 

7 

3 

£al. 

"«5 

10 

0 

52 

3406    o  o 

Augujl 

1 

Received  in  full  of  the  princigil 

65 

10 

0 

5°J55  9»* 

I  have 


SIMPLE  INTEREST  BY  DECIMALS. 


(5) 


438 


17     4f  :ntereil  at  5  per  cent. 
7     Si 


6355          £%     4  *°T  ditto  at  6  percent* 
20 


54 l  i  have  given  Peter  Trufly  a  ca/h  credit  for 

51 '  1OOO/.  in  confequenceof  which,  on  the  12th  oi 

May,  1  paid  his  bill  for  2t5o/.  ;  dirto  27thrpaid 

3°°9  his  draught  for  280^.  ;  June  ift,  he  gave  me  a 

13  a  bill  on   the  MafTachufetts   bank  at    fight  for 

NX  2  go/.  ;  July  I7th,  he  paid  me  per  receipt  7o/.  ; 

f  j     '   9  Auguft  20th,  he  drew  for  750^.  at  fight  ;  ditto 

3ift,  he  paid  me  per  receipt, 5 op/.  ;  Sept.  15th, 

6910  ke  drew  at  light  for  135^.  ;  and  ^d  of  October, 

4  for   175/.  -,  O&ober  2gth,  he  paid  me  per  re- 

_  cept  2$O/.  ;  and  November  3d,  12,51.  ;   Noi'em- 

)276,76  ber  12th,  he  drew  at  fight  for  375^.  ;  and  dit- 

219  to    i8th,  for   125/.  ;  January  lit,  he    paid   me 

per  receipt  2QO/.  ;  and  20th   ditto,  2io/.     ()n 

5776  the  ifl  of  March  following  he  demands  a  fct- 

llement  ;   What  is  then  due  to  me,  intereft  at  6  per  cent.  ? 
Dates.  £.    Days.  PtoduSt. 


May 
Ditto 

12 

Paid  his  bill     .     -     -     - 
Paid  his  draught    -     -     - 

250 
280 

15 

375° 

June 

1 

Balance 
Received  in  part    -     -     - 

53° 
•zgo 

5 

2650 

July 

'7 

Bal. 

Received  in  part    *    -    - 

•240 
70 

46 

110.49 

Auavfl 

Paid     - 

170 

34 

5780 

AUgUJt 

Ditto 

31 

Bat. 
Received  in  part    -     -     - 

75° 

920 

500 

1  1 

1C12C5 

September 

*5 

Bal. 
Paid     -      

410 
»35 

15 

6300 

Gftober 

Paid     -      ..... 

555 

18 

999° 

Sitto 

29 

Bal. 
Received  in  part    -     -     - 

73° 

Z50 

26 

18980 

November 

3 

Bid. 
Received  in  part    ... 

480 
125 

5 

2400  —  71010 

Carried  over  Sal. 

T     1 

355 

Dates. 

LI 
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Dates. 

November 

Ditto 
January 

Ditto 

March 


20 


Sal. 


Paid 


Paid 


Sal. 


Bal. 
Received  in  part      -    - 

Sal. 
Received  in  part     -     - 


Bal. 


(5) 


3195 


£.  Days.  Produtts. 

1  1  o\c  brought  «t?r« 
365  ' 
375 


73° 


855 

29° 

565 


355 


141 14* 


Then,  -73,00)141  140(19     6     8  intereft  at  5  percent. 
3  *7     4 


£^23     4     o  intereft  at  6  per  cent. 
355     o     o 


4  o  balance  in  my  favour. 
When  cafh  credits  are  given,  a  balance  fhould  be  made  upon 
every  tranfacUon,  which  fhould  be  multiplied  into  the  days  the 
firft  leifure  minute  ;  then,  when  the  tim®  of  fettlement  comes,  you 
will  only  have  to  add  up  the  produfts,  and  divide  as  above,  and 
the  account  will  be  finifhed. 

A  owes  B  the  following  fums,  with  the  intereft  on  them,  at  6 
per  cent,  per  annum,  as  follows  ;  viz.  Sol.  for  7  months,  150^.  for 
15  months,  75^.  lOs.  for  9  months,  145^.  15^.  for  27  months,  and 
397/.  12-r.  for  45^-  months  ;  What  is  the  amount  of  principal  and 
intereft  ? 

Months. 

X   7    =      420 
X«5    =    225° 
X   9    =      679,5 
3935,25 
X45>5=  '8ogo,8      £ 

200)25375.55(196,877  intereft. 
828,85    principal. 


150 

75?5 

M5r7 

S97?6 


£955,7*7  amount,  Anfwir. 

Note..  I  divide  by  200,  the  number  of  months,  in  which  any 
fum  will  double  at  6  per  cent,  per  annum,  and  it  gives  the  intereft. 

When  partial  payments  are  made  upon  notes,  bonds,  &c.  at 
any  interval  greattr  than  a  year,  the  intereft  is  calculated  in  a 
progreffive  manner,  by  adding  the  intereft  (o  the  principal  at  the 
time  of  the  firft  payment,  and  from  the  fum  deducing  the  pay 
ment,  &c.  ANNUITIES. 
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ANNUITIES   or  PENSIONS  in  ARREARS, 
at  SIMPLE  INTEREST. 

An  Annuity  is  a  fum  of  money,  payable  ev«ry  year,  half  year, 
«r  quarter,  for  a  certain  number  of  years,  or  forever. 

When  the  debtor  keeps  the  annuity  in  his  own  hands,  beyond 
the  time  of  payment,  it  is  faid  to  be  in  arrears. 

The  fum  of  all  the  annuities,  for  the  time  they  have  been  for 
borne,  together  with  the  mtereft  due  upon  each,  is  called  the 
amount, 

If  an  annuity  is  to  be  bought  off,  or  paid  all  at  once,  at  the  be 
ginning  of  the  firft  year,  the'  price,  which  ought  to  be  given  for 
it,  is  called  the  prejtnt  worth. 

CASE. 

When,  the  annuity,  time,  and  rate  of  inter  fjl  are  given,  to  find  the.  amount. 

R    U    L    B.* 

1.  Find  the  fum  of  the  natural  feries  of  numbers  i,  2,  3,  4,  &c. 
to  the  number  of  years  lefs  one. 

2.  Multiply  this  fum  by  one  year's  intereft  of  the  annuity,  and 
the  produft  will  be  the  whole  intereft  due  upon  the  annuity. 

3.  To  this  product  add  the  product  of  the  annuity  and  time, 
and  the  fum  will  be  the  amount  fought. 

EXAMPLES. 

i.  What  is  the  amount  of  an  annuity  of  90*'.  for  6  years,  al- 
k>wing  ample  intereft,  at  6  per  c«5nt.  per  annum  ? 

zm5^:3  x  5rzfum  of  the  number  of  years  lefs  i  . 
£.   s. 

5     8^z  i  year's  intereft  of  the  annuity. 
3 


81       :zr  whole  intereft  due. 
Add  540—90x6—  annuity  multiplied  by  the  time. 

621  nr  amount  required. 

2.  If 

1  Whatever  the  time  may  be,  there  is  due  upon  the  firft  year's  annuity  fo  many 
years'  intereft  as  the  whole  number  of  years  lefs  one,  and  gradually  one  iel's  upon 
every  fuccecding  year  to  the  laft  but  one,  and  none  upon  the  laft  ;  therefore,  in  the 
whole,  there  is  due  fo  many  years'  intereft  of  the  annuity,  as  (he  fum  of  the  feries 
*»  2»  3>  4»  &c-  to  the  number  of  years  lefs  one  ;  consequently,  one  year's  intereft, 
multiplied  by  this  fum,  mult  be  the  whole  intereft  due  ;  to  which,  if  all  the  annu 
ities  be  added,  the  fum  is  plainly  the  amount. 

Let  rr=ratio,  w—  annuity,  /=cime,  and  a—  amount  :  Then  will  the  following  thc- 
•rtms  give  ik;  folution  pi"  all  the  different  cafes. 
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2.  If  a  houfe  be  let  upon  a  leafe  for  8  years,  at  %6l.  per  annum, 
1  demand  the  amount  for  that  time,  at  5  per  cent,  per  annum  ? 


g.  If  a  falary  of  12O/.  payable  every  half  year,  remain  unpaid 
7  years  ;  WJiat  would  it  amount  to  in  that  time,  at  61.  per  cent, 
per  annum  ?*  Anf.  £  1003  i6.r. 

4.  If  a  falary  of  120^.  payable  every  quarter,  remain  unpaid  7 
years  ;  What  would  it  amount  to  in  that  time,  at  6/.  per  cent, 
per  annum  ?  AnJ.  £~ioio  zs» 


PHESENT  WORTH  of  ANNUITIES  at  SIMPLE  INTEREST. 
CASE. 

The  annuity,  rate,  and  lime  given,  to  Jind  the  prefent  worth* 

R  u    L  E.t 

Find  the  prefent  worth  of  each  year,  by  itfelf,  difcounting  from 
the  time  it  rails  due,  a-nd  the  fum  of  all  thefe  will  be  the  prefent 
\vorth  required. 

EXAMPLES. 

za  za — ztn 

1 =«•     HI. 


t  r-f-22— tr  t  n — tn 

d  zn—rn 

—  t.     In  the  laft  Theorem,  d  rz  « 

2  rn 

in  Theorem  firit,  if  a  fum  cannot  be  found  equal  to  the  amount,  the  problem  is 

impcflible  in  whole  years. 

*  In  this  Cafe,  when  the  annuities,  £c.  are  to  be  paid  half  yearly,  or  quarterly^ 
then  for  half  yearly  payments,  take  ^  of  the  ratio,  J  the  annuity,  &c.  and  twice  the 
i; umber  of  years. 

1-or  quarterly  payments,  take  %  of  the  ratio,  £  of  the  annuity,  &c.  and  4  times  the 
number  of*years,  and  work  as  before. 

•f  If  we  grant  the  condition  of  allowing  fimple  intereft  to  be  confident,  the  rea- 
fori  of  this  rule  will  be  evident  from  the  nature  of  difcouot  ;  for  all  the  annuities 
may  be  confidered  feparately  as  fo  many  Angle  and  independent  debts,  due  after  t, 
2,  3,  &c.  yeats  ;  fo  that  the  prefent  worth  of  each  being  found,  their  fum  muft  be 
the  prefent  worth  of  the  whole, 

But  the  purchafing  of  annuities  by  fimple  intereft  is  unjuft  and  abfurd,  which 
r»ay  eafirjrbemade  to  appear  by  one  inftanceonly.  The  price  of  an  annuity  of  ioo/. 
to  continue  30  years,  difcounting  at  6  per  cent,  will  amount  to  soco/.  nearly,  the 
interelt  of  which  for'one  year  only  exceeds  the  annuity  :  Would  it  not  therefore  be 
highly  abund  to  give  a  fum,  which  would  yield  me  nearly  i2O/.  yearly,  forever^ 
for  an  annuity  of  ioo/.  to  continue  only  30  years  ? 

J.et  jfcrprefent  worth,  and  the  other  letters  as  before. 


DISCOUNT.  sSo. 

EXAMPLES. 

i.  What  is  the  prefent  worth  of  400^.  per  annum,  to  continue. 
6  years,  at  6  per  cent,  per  annum  ? 

106"]  377j35849:::::::Prefent  worth  of  one  year. 

112  |  357,14285—  2d     year. 

li8  \>  .1AA--400-       338>983°5=  3^    year. 

124  f  '  10°  ' '  4°°  '      322,58064=         —  4th  year. 

3°7>6923  =    -     —  5th  year. 

L  294,1 1704™  bth  year. 


1997>87497~£1997  *!*•  Sl^prcf.  worth. 
2.  What  is  the  yearly  rent  of  a  houfe  of  36^.   to  continue  8 
years,  worth,  in  ready  money,  at  5  per  cent,  per  annum  ? 

3*.  9  if/. 


DISCOUNT 

Is  an  allowance  made  for  the  payment  of  any  fum  of  money, 
before  it  becomes  due,  and  is  the  difference  between  that  fum, 
due  fome  time  hence,  and  its  prefent  worth. 

The  prefent  worth  of  any  fum,  or  debt,  due  fome  time  hence,  is 
fuch  a  fum,  as  if  put  to  intereft,  would  in  that  time  and  at  the 
rate  per  cent,  for  which  the  difcount  is  to  be  made,  amount  to 
the  fum  or  debt,  then  due. 

RULE     I.* 

As  the  amount  of  iCO/.  for  the  given  rate  and  time,  is  to  ioc/. 
So  is  the  given  fum,  or  debt,  to  the  prelent  worth. 

Subtrsa 
Mojl  authors  give  the  following  Theorem?,  viz. 


IV.  ---,=*.    Then,         +  - 
r  '"•       4 


2 

Note.  The  fame  thing  is  to  be  obferved  in  this  Cafe  as  in  the  Cafe  of  Annuities 
in  Arrears,  refpefting  half  yearly  and  quarterly  payments. 

I  Ipve  fhewn  the  method  of  computing  Annuities  by  Simple  Intereft,  more  for 
the  gratification  of  the  curioas  than  for  real  utility,  it  being  not  only  cufibmaiy, 
but  alfo  moft  equitable,  to  allow  compound  intereft. 

/  2  f       fr  \   nf 

It  may  be  obferved  that  the  Theorem  -  -LI-  gives  the  anfwcr  to  the   fuft 

ztr-Jf-z 

<jucftionc=2o28/.  which  therefore  appears  to  be  erroneous. 

*That  an  allowance  ought  to  be  made  for  paying  money  before  it.  becomes  due, 
•which  is  fuppofed  to  bear  no  intereft  till  after  it  is  due,  is  very  rcafonablc  ;  for  if 
I  keep  the  money  in  my  own  hands  till  the  debt  (hall  become  due,  it  is  plain  I 
may  make  an  advantage  of  it  by  putting  it  out  to  intereft  for  that  time;  but  if  I  pay 

it 
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Subtraft  the  prefent  worth  from  the  given  fum,  and  the  re 
mainder  will  be  the  difcount  required. 

As  the  amount  of  iOO/.  for  the  given  rate  and  time,  is  to  the 
intereft  of  lool.  for  that  time  :  So  is  the  given  fum  or  debt  to  the 
difcount  required. 

EXAMPLES. 

i.  What  is  the  difcount  of  63^.  ijs.  due  two  years  hence,  at 
5^  per  cent,  per  annum  ? 
Int.  of  iOO/.  "t 

per  annum    j      ^ 

J  2  years. 

11 

Add  100 

r          r 
L*        £  •     •*• 
As £111  :  n  ::  635    17 

20  20 


obb     As  1  1  1  :  100  :  :  635  17  :  572  16  9^ 
-       prefcnc  worth. 

27  £•  s-     €-  J-  d-    £.*.<*. 

20     And  635  17  —  572  16.91—^3  O  2| 
difcount. 

222|o)540(0 
IZ 


444 

204  Anf.£6$  Os.  2  Id.  " 

2.  What 

it  before  it  is  due,  I  give  that  benefit  to  another  ;  therefore,  we  have  only  to  inquire 
•what  difcount  ought  to  be  allowed.  And  here,  many  fuppoie  that,  fince  by  nor 
paying  till  it  becomes  due  they  may  employ  it  at  intereit,  therefore,  by  paying  it 
before  due,  they  (hall  lofe  that  intereft,  and  for  that  rcafon  all  (uch  intefcft  ought 
to  be  diicounted  ;  but  the  fuppofition  is  falie  ;  for  they  canwot  be  laid  to  lofe 
that  intereit  till  the  time  arrives,  when  the  debt  becomes  due  ;  \vhereas  we,  are 
10  confider  what  would  propeily  be  loft,  at  prefect,  by  paying  the  debt  before  it 

u  becomes 


DISCOUNT.  *7l 

2.  What  is  the  prcfent  worth  of  350^.  payable  in  half  a  year, 
difcounting  at  61.  per  cent,  per  annum  ? 

^nf-  £339  l6'-  1K 

3.  What  is  the  prefent  worth  of  65^.  due  15  months  hence,  at 
6/.  per  cent,  per  annum  ?  Anf.  £60  gs.  §^d. 

4.  What  is  the  difcount  on  97/.  lOs.  due  January  22d,  this  be 
ing  September  7th,  reckoning  intereft  at  5^.  per  cent.  ? 

Anf.£i   15-r.  ud. 

5.  What  ready  money  will  difcharge  a  debt  of  475^.  iOs.  due 
5  months  and  20  days  hence,  at  6  per  cent.  ? 

Anf.f4.62  7-r.   u±d. 

6.  Bought  a  quantity  of  goods  for  250^.  ready  money,  and  fold 
them  for  300^.  payable  9  months  hence  :   What  was  the  gain,  in 
ready  money,  fuppofing  difcount  to  be  made  at  6/.  per  cent.  ? 

*nf.  £31 

7.  What  is  the  prefent  worth  of  275^.  payable  as  follows  ;  viz. 
7-  at  3  months,  i-  at  6  months,  and  the  reft  at  9  months,  fuppofing 
the  difcount  to  be  made  at  6/.  per  cent.  ?         AnJ.  £*268  6s.  §+& 

R    U    J,    E       II. 

As  any  fum  of  money,  at  6  per  cent,  per  annum,  will  double, 
at  fimple  intereft,  in  200  months  ;  therefore, 

To  200  add  the  number  of  months  for  which  the  difcount  is 
required,  by  which  fum  divide  the  product  of  the  money  and 
time,  (in  months,)  and  the  quotient  will  be  the  difcouat. 

EXAMPLES. 
i.  What  is  the  difcount  of  150^.  75c.  for  a  year  ? 

2C0 

becomes  due  ;  this  can,  in  point  of  equity,  be  no  other  than  fuch  a  fum,  which  be 
ing  put  out  at  intereft  till  the  debt  {hall  become  due,  would  amount  to  the  intereft  of 
the  debt  for  the  fame  time. — It  is  befides  plain  tbat  the  advantage  arifmg  from  dif- 
charging  a  debt  due  fomc  time  hence,  by  a  prefent  payment,  according  to  the  principles 
above  mentioned,  is  cxadlly  the  fame  as  employing  the  \v hole  fum  at  intereft  till  the 
time,  when  the  debt  becomes  due,  arrives  :  For,  if  the  difcount  allowed  for  prefent 
payment  be  put  out  at  intereft  for  that  time,  its  amount  will  be  the  fame  as  the  inte- 
reit  of  the  whole  debt  for  the  fame  time  ;  thus  the  difcount  of  io6/.  due  one  year 
fcence,  reckoning  intereft  at  6!.  per  cent,  will  be  6/.  and  6/.  put  out  to  intereft  at 
6A  per  cent,  for  one  year,  will  amount  to  6/.  7^.  z^d.  which  is  exa6Uy  equal  to  the 
intereft  of  io6/.  for  one  year  at  61.  per  cent. 

The  truth  of  the  rule  for  working  is  evident  from  the  oature  of  Simple  Intereft; 

for  Gnce  the  debt  may  be  confatiered  as  the  amount  of  fome  principal  (called  here  the 

•  prefent  worth)  at  a  certain  rate  per  cent,  and  for  the  given  time,  that  amount  muft 

be  in  the  fame  proportion  either  to  its  principal  or  intereft,   as  the  amount  of  any 

»ther  fum,  at  the  fame  rafe,  and  for  the  fame  time,  to  its  principal  or  intereft. 


s;a       ABBREVIATIONS  IN  DISCOUNT, 


200 
12  12 

212)1^09,00(8,533—  8,53,3  difcount,  Anf. 
i6ab 


n3° 

1060  15°s75 

8533 

636     Prefsnt  worth  142,217 

640 

636 


2.  What  is  the  prefent  worth  of  426^.  5$c.  at  6  per  cent.  &c$ 
to  be  paid  8  months  hence  ?  Anf.  ^ioD,  i^c.  5771. 

3.  What  is  the  difcount  of  36i/.  15^.  6d.  to  be  paid  i  year  and 
8  months  hence  ?  Anf.  £32  17^.  9!^, 

ABBREVIATIONS  in  DISCOUNT. 
Any  principal  to  be  difcounted  for  one  year,  at  any  of  the  fol 
lowing  rates,  (or  for  any  rate  and  time,  whofe  produft  is  equal 
to  any  of  the  following  rates)  being  (multiplied  by  the  multipli 
er,  if  any,  and)  divided  by  the  correfponding  divifor,  the  quo 
tient  will  be  the  difcount. 

Rates. 

—  81  (or  by  9  and  9) 


10 

12 


—41 
-26 
—  21  (or  by  7  and  3) 


—43  andX3 
—27  andx  *( 

—  13 

—  it 


X  2  and-J-9 


at 


V_*~2  y  J 

How  much  muft  I  abate  of  5394^.  10*.  due  3  years  hence, 
-  per  cent,  per  annum  ?  £5394  1O^. 


X3  27-:- 3— 9)10789    Q 

8,  therefore,  X  2,  and~27          3)1198   1,5  6| 

£399  "   10 


2.  What 


DISCOUNT    B  Y  .  D  E  C  I  M  A  L  S.      273 

2.  What  is  the  difcount  of  546^.  121.  6d.  for  81.  years,  at  l  per 
cent,  per  annum,  (or  for  i  ye-ar  at  8^-  per  cent.«per  annum  ?) 

£'.    s.     d. 
12     6 


£4*     O  n%Anf. 

3.  What  is  the  difcount  of  iz&l.  at  i|  per  cent,  per  annum, 
for  four  years,  (or,  at  4  per  cent,  per  annum,  for  i|  year  ?) 

X4 

5,  therefore,~-2i)i25 


£5   '9  0§  Anf. 

DISCOUNT     BY     DECIMALS.* 

The  fum  to  be  difcounted^  the  time  and  the  ratio  given,  to  find  the  pref- 

ent  uorth. 

RULE.—  Multiply  the  ratio  by  the  time,  add  unity  to  the  product 
for  a  divifor  ;  by  which  fum  divide  the  fum  to  be  difcounted, 
and  the  quotient  will  be  the  prefent  worth. 

Subtract  the  prefent  worth  from  the  principal  or  fum  to  be 
difcounted,  and  the  remainder  will  be  the  difcount. 

Or,  as  the  amount  of  i/.  for  the  given  time,  is  to  it.  fo  is  the 
intereft  of  the  debt  for  the  faid  time,  to  the  difcount  required. 

Subtract  the  difcount  from  the  principal,  and  the  remainder 
will  be  the  prefent  worth. 

EXAMPLES. 
Firft  Method. 

i.  What  is  the  prefent  worth  of  6oo/.  due  3  years  hence,  at  6Z. 
per  cent,  per  annum  ? 

Ratio 

*  As  in  Simple  Intereft,  let  flrramount  of  any  debt,  /»—  prefent  worth,  /—time, 
and  r=ratio  ;  then  will  the  following  Theorems  exhibit  all  the  cafes  in  Difcount 
at  Simple  Intereft. 


III.=r.     IV.          =f. 

tp  rp 

Note.  When  the  ratio  is  ,06  per  cent,  per  annum,  and  the  given  time  is  cxpreffed 
in  months,  whether  lefs  or  more  than  a  year,  if  the  debt  be  divided  by  i  plus  haif 
as  many  hundredths  of  an  unit,  as  there  are  months  in  the  given  time,  the  quotient 

a,  a 

will  be  the  prefent  -worth.  —  Thus,  for  i  month  -  %2  months—  —  —  .  3  months 

1,005'  J»°*    ' 

~,  36  months  -—3,   *«  months  j^-,  &c,  &c, 
M  m 


RTER. 


Ratio—  ,06 
Multiply  by  the  time—  3 


Produ£hz:,i8 

Add  i  £. 

Divifonzri,  18)600(508,4745  pref.  worth 


AnJ. 

,06x3+* 

Prefent  worthzrsoS,  47  45^^508  9*.  §±d.  which  fubtra&ed 
from  the  principal,  will  give  the  difcount  —£91  ioj.  6|d. 

Second  Method. 

What  is  the  difcount  of  6oo£  due  3  years  hence,  at6/.  percent, 
|>er  annum  ? 

Ratio:n,oS 
Multiply  by       3     As  1,18  :  i  ::  108 

~~8  -- 

Add  i  1,18)108,00(91,5254 

Amount  of  il.  for  the!  _  l  ^ 

given  time  J  "~ 

And  600  X  5o6  X  3~  i  o8~interefl:  of  the  debt  for  the  given  time. 
Difcountzr9i55254:zzJ£9i  iQj-.  bd.  which  taken  from  the  princi 
pal  will  leave  the  prefent  worth:zr>£5C'8  91.  6d. 

2.  What  is  the  prefent  worth  of  312^.  iO^.  due  2  years  hence, 
at  44£  percent,  per  annum  ?  AnJ.  286^..  13^.  u*d. 

3.  What  is  the  prefent  worth  of  1650^.   151.   6d.  at  6|/.    per 
•ent.  per  annum,  due  18  months  hence  ?  AnJ.  1499  or.  o|<£ 

4.  What  ready  money  will  difcharge  a  debt  of    1354^.  8-f.  due 
3  years,  3  months  and  1  2  days  hence,  at  5^.  per  cent,  per  annum  ? 

^!/"-£"35  1s-  9d* 
BARTER 

Is  the  exchanging  of  one  commodity  for  another,  and  teaches 
traders  to  proportion  their  quantities  without  lofs. 

CASE         I. 

When  the  quantity  of  one  commodity  is  given,  with  its  value,  or  that  of 
its  integer.,  that  is,  of  ift,  \Cwt.  \yd.  &c.  as  aljo  the.  value  of  the 
integer  ofjome  other  commodity,  to  be  given  for  it,  to  Jind  the  quan 
tity  of  this  ;  or,  having  the  quantify  thereof  given,  to  Jind  the  rate 
of  Jelling  it. 

RULE.  —  Find  the  value  of  the  given  quantity  by  the  concifeft 
method,  then  find  what  quantity  of  the  other,  at  the  rate  propof- 
ed,  you  may  have  for  the  fame  money  :  Or,  if  the  quantity  be 
j  find  from  thencs  the  rate  of  felling  it. 

EXAMPLES* 


JB      A      R      T      E      R. 

EXAMPLES. 

i.  How  much  tea,  at  9*.  6d,  per  ft,  muft  be  given  in  barter  for 
ic6  gallons,  of  wine,  at  i2j.  %\d.  per  gallon  ? 

Galls. 


aSO1^ 
d.      ft  d. 

As  114  :  i  ::  23010 


i 


114)23010(201 
228 


342 

54 

2.  How  much  cloth,  at  15^.  8^.  per  yard,  mud  be  given  for 
§Cwt.  3frj.  igft  of  fleel,  at5  guineas  per  Cwt. 

An/.  $2ydst  sqrs.  2^. 

3.  Suppofe  A  has  350  yards  of  linen,  at  i s.  4^,  per  yard,  which 
he  would  truck  with  B  forfugar,  at  25^.  6d.  per  Cut.  How  much 
fugar  will  the  linen  come  to  ?  Anf.  i%Cwt.  iqr.  5f  ft. 

4.  A  has  broadcloths  at  44#.  per  piece,  arrd  B   has  mace,  at 
\D.  42c.  per  ft  ;  How  many  pounds  of  mace  muft  B  give  A  for 
$5  pieces  of  cloth  ?  Anf. 

5, 


*j6  B      A       R      T      E      R. 

5.  A  has  7^  Cwt.  of  fugar  at  12  cents  per  ft,  for  which  B  gave 
him  12^  Cwt.  of  flour  ;  What  was  the  flour  rated  at  per  ft  ? 

AnJ.  7<r.  zm. 

CASE        II. 

If.  the  quantities  of  two  commodities  be  given,  and  the  rate  cfi  Jelling 
t/i  iii.  to  find,  in  cafe  of  inequality,  hoej  much  ojjome  other  commod 
ity  mujl  be  given. 

RULE. — Find  the  fepavate  values  of  the  two  given  commodi 
ties  ;  fubtra&the  lefs  from  the  greater,  and  the  difference  will 
be  the  amount  of  the  third  commodity,  whofe  quantity  and  rate 

may  be  eafiiy  found. 

EXAMPLES. 

1.  Tujo  merchants  barter  ;  A  has  30  Ctat.  of  cheefe,  at  23*.  6d. 
per  cwt.  and  B  has  9  pieces  of  broadcloth,  at  3/.  15*.  per  piece  ; 
Which  muft  receive  money,  and  how  much  ? 

AnJ.  B  muft  pay  A  £i  lOj. 

2.  A  and  B  would  barter  ;  A  has  150  bufhels  of  wheat,  at  $s.  ()d. 
per  bufhel,  for  which  B  gives  65  bufhels  of  barley,  worth  2s.  ibd, 
per  bufhel,  and  the  balance   in  oats  at  2j.  id.  per  bufhel  ;  What 
quantity  of  oats  muft  A  receive  from  B  ?  Anjt  325!!  buflids, 

CASE        HI. 

Sem  times,  in  bartering,  one  commodity  is  rated  above  the  ready  money 
price  ;  then,  to  find  the  bartering  price  of  the  other,  fay, 

As  the  ready  money  price  of  the  one,  is  to  Us  bartering  price  ; 
fo  is  that  of  the  other,  to  its  bartering  price  :  Next,  find  the 
quantity  required,  according  to  either  the  bartering  or  ready 
money  price. 

EXAMPLES. 

1.  A  has  ribbands  at  zs.  per  yard  ready  money  ;  but  in  barter 
he  will  have  2s.  §d.     B  has  broadcloth  at  32^.  6d.  per  yard  ready 
money  : — At  what  rate  muft  B  value  his  cloth  per  yard,  to  be 
equivalent  to  A'*s  bartering  price,  and  how  many  yards  of  rib 
band,  at  2j.  Qd.  per  yard,  muft  then  be  given  by  A  for  488  yards 
of  B's  broadcloth  ? 

Anf.  B's  broadcloth,  at  £i  i6.r.  6^d.  per  yd.  7930^0^.  ribband. 

2.  A  and  B  barter  ;  A  has  150  gallons  of  brandy,  at  js,  3^.  per 
gallon,  ready  money,  but   in  barter  he  will  have  8^.  per  gallon  : 
B  has  linen  at  gs.  6d.  per  yard  ready  money  ;  How  muft  B  fell 
his  linen  per  yard  in  proportion  to  A's  bartering  price,  and  how- 
many  yards  are  equal  to  A's  brandy  ? 

barter  price  is  3^,  i0jd.  and  he  jnuft  give  A3 \Qyds, 
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tP  and  Q  barter.    P  has  Irifh  linen,  at  3-f.  id.  per  yard  ;  but 
rter  will  have  31.  lOd.     Q  delivers  him  broadcloth  at  il.  i6s. 
bd.  per  yard,  worth  only  il.  13.?.  per  yard  :  Pray,  which  has  the 
advantage  in  Barter,  and  how  much  linen  does  P  give  Q  for  148 
yards  of  broadcloth  ? 

Yd.  Yds.       s. 

As  i  *  36/6  ::  148  *  5402  price  of  the  broadcloth.  As  3/10  * 
*yd"  •  •  5402J.  I  i40$-l?yards  of  linen.  Q  has  the  advantage  ;  for 
as  377  *  3/1°  :*.  33J-  *  35/3fy  nis  proportional  price. 

4.  A  has  200  yards  of  linen,  a.t  is.  6d.  ready  money  per  yard, 
which  he  barters  with  B,  at  is.  gd.  per  yard,  taking  buttons  at 
7|<af.  per  grofs,  which  are  worth  but  6d.  :  How  many  grofs  of 
buttons  will  pay  for  the  linen  ;  who  gets  the  bed  bargain,  and 
by  how  much  both  in  the  whole  and  per  cent.  ? 

Yd.  d.      Yds.      d.  d.  Grofs.  d.      Grofs.      Yd.  d.      Yds.  £. 

Asi  1 21 ::  200*  4200.  As7f  j  i ::  4200*560.  ASI  +  18 :«.  200*  15 

gr.  d.       gr.      £.  [value  of  A's  linen. 

As  i  *  6  ::  560*  14  value  of  B's  goods.  So  that  B  gained  i/.of  A. 

£•   £•     £•    £• 

As  14  *.  i  ::  100  *  7   2f.  iod.  per  cent, 

5.  A  has  linen  cloth,  at  3Oc.  per  yard,  ready  money,  in  barter 
36^.    B  has  3610  yards  of  ribband,  at  22c.  per  yard  ready  money, 
and  would  have  of  A  2QOdolls.  in  ready  money,  and  the  reft,  in  lin 
en  cloth  ;  what  rate  does  the  ribband  bear  in  barter  per  yard,  and 
h'ow  much  linen  muft  A  give  B  ? 

Anf,  The  rate  of.  ribband  is  a6c.  401.  per  yard,  and  B  mull  re 
ceive  1980!- yards  of  linen,  and  zoodolls.  in  caftu 

LOSS      AND      GAIN 

Is  an  excellent  rule,  by  which  merchants  and  traders  difcover 
their  profit,  or  lofs  per  cent,  or  by  the  grofs  :  It  alfo  inftrufts 
them  to  raife  or  fall  the  price  of  their  goods,  fo  as  to  gain  or  lofe 
fo  much  per  cent.  &c. 

Questions  in  this  rule  are  performed  by  the  Rule  of  Three. 

CASE         I. 

To  know  what  is  gained  or  loft  per  cent. 
RULE. 

Firfl  fee  what  the  gain  or  lofs  is,  by  fubtraftion  ;  then,  as  the 
price  it  coft  is  to  the  gain  or  lofs  :  So  is  loot,  to  the  gain  or  lofs 
per  cent. 

EXAMPLES. 

i.  If  I  buy  ferge  at  55.  per  yard,  and  fell  it  again,  at  5.?.  Sd.  per 
yard  ;  What  do  i  gain  per  cent,  or  in  laying  out  iool*  ? 

**»  Sold 


LOSS         A   N  B 


N. 


Sold  for  5     8 
Cod  5     o 


As  60  :  8 
8  gain  per  yard. 


N.  B.  The  firfl  queftions,  in  the  fever 
al  Cafes,  ferve  to  elucidate  each  other. 


2.  If  I  buy  fergeat  5/"8peryard,and 
fell  it  again  at  5*.  per  yard  ;  What  do  I 
lofe  per  cent,  or  in  laying  out  ioo/.  ? 

•/.    d.  d.     d.      £. 

Cofts    8     As  68;  8  ::  too 

Sold  for  5     o  8 


Lofsperyd, 


68)8oo(it 
68 


::  100 

8 

60)800(13 
60 

200 
l80 

20 
2O 

60)400(6, 
360 

40 

12 


60)480(8 

480 


68 


2O 

68)1040(15 

68 

360 
34° 


12 

68)240(3 
2  Q4 


68)144(2 
136 


8    A*f.£u 
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,g.  If  I  buy  a  Czot.  of  tobacco  for  gl.  6s.  8d.  and  fell  it  again  at 
.  10^.  per  ft,  do  I  gain  or  lofe,  and  what  per  cent.  ? 

£ .    s.    d. 

ft  Sold  for  10    5     4 

112  Coft    968 


£.    s.  o  18    Sgamedinthegrofs. 

|  1 1     4  value  at  zs.  per  ft. 

o  1 8     8  value  at  2d.  per  ft. 


1054  value  at  U.  iod,  per  ft. 
£-.  ,.   d.      s.    d.        £.      £. 
As  9    6    8  *   18    8   ::   100*   10        Attf.fiG  per  cent. 

4.  A  draper  bought  60  yards  of  cloth  at  28^.  per  yard,  and  38 
yards  of  ditto  at  145-.  per  yard,  and  fold  them,  one  with  another, 
at  z6s.  per  yard  :  Did  he  gain  or  lofe,  and  what  per  cent,  ? 
yd.    s.       yds.    £.  yd.     s.      yds.     £.   s. 

As  i  :  28  :;  60  ;  84        AS  i  ;  26  ::  98  :  127  8 

yd.    s.       yds.    £.   s.  £.    s. 

As  i  I  14  ;:  38  *  26  12  Sold  for  127     8 

-  Prime  coft  no  12 


12  - 

Gain  in  the  grofs     16  16 
£.    ,.     £.  s.       £.     £.  ,.  d. 
As  no  12  *  10  ID  ::  100  *  15  3  9!  per  cent. 

5.  Bought  fugar  at  6±d.  per  ft,  and  fold  it  at  2/.  3;.  9^*  perC*;f. 
What  was  the  gain  or  lofs  per  cent  ? 

ft      d.          ft      £.s.d. 

As  i  t  6|  ::  112  *  3  o  8 

£rimecoft£*3     O     SperC^.       £.s.d.     s.    d.       £.     £.   s.    d. 


Sold  at      2     3     9  per  Cut.  As  3  O  8  *  16  n  ::  100  ^  27  178! 
--  —  lofs  per  cent.  Anf. 

Loft  £Q  16  11  in  the  whole. 

6.  At  2%d.  in  the  fhilling  profit  ;  How  much  per  cent.  ? 

s.     d.        £.      £.    s.  d. 
As  i  :  z\  ::  100  :  20  16  8  Anf. 

7.  At  41.  6d.  in  the  pound  profit  ;  How  much  per  cent.  ? 

£.   *.  d.     f.     £.  s. 
As  i  *  4  6  ::  100  *  22   10  Anf. 

8.  If  I  buy  candles,  at  is.  6<I.  per  ft,  and  fell  them  again,  at  2s. 
per  ft,  and  allow  3  months  for  payment  ;  What  do  I  gain  per  cent.  ? 

,     d.      d.     £.      £.   s.d.  Mo.£.Mo.£.s. 

Asi8  :  24  ::  100  t  133  6  8  ;  then  by  Difcount.  As  12  :  6  ::  3  :  i  10 

£.     s.     £.  s.        £.'  ,.  d.  £.  s.     d. 

Then,  As  lOi    to  *  i    10  ::  133  6    8  t  i    19    4|,  which  taken 
from  i33/.  6f.  3d.  leaves  igi/.  71.  3]^.  therefore,  Anf't  £31   7  3^. 

,  if 
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9.  If  I  buy  cloth  at  6s.  per  yard,  ready  money,  and  fell  it  again 
at  6s.  8d.  per  yard  on  3  months  credit  ;  What  is  gained  per  cent.  ? 

s.  d.    s.  s.    d.      £.      £.  s.  d.  Mo.  £.    Mo.  £.  s. 

6  8—6—8^.     As  6  :  8  : :  100  :  j  i  2  af     As  12  :  6  : :  3  :  i   iO 

£.•  s.      £.          £.  s.  d.        £.  s.  d. 
As  101   10  :  100  :  :   in   2  *\  :   109  9  4-J  ;  therefore 

£.   s.  d.      £.     £.  s.  d. 
lop  9  4^— 100—9  9  4"i  dnf. 

10.  If  I  buy  cloth  at  13.5-.  per  yard,  on  8  months  credit,  and  fell 
it  again  at  12J-.  ready  money.  Do  I  gainorlofe,  and  what  percent.? 

Mo.   £.    Mo.  £.          £.        s.         £.     s.  d. 
As  12  :  6  : :  8  :  4     As  104  :   13  ::   100  :  12  6:  So  that  13^ 
on  8  months  credit  at   6/.  per  cent,  is  equal  to  izs.  6d.   ready 
money ;  then,  s.    d.     d.        £.     £. 

s.  d.  As  12  6  :  6  : :  100  :  4 

Prime  coft  i  2  6  ready  money, 
Sold  at    120  ready  money, 

Loft       o  6  in  the  yard.    J    Anf.  loft  £4  per  cent. 

11.  If  I  buy  gloves  at  iD.  250.  per  pair  ;  How  long  credit  muft 
I  have,  to  gain  i^D.  per  cent,  when  1  fell   them  at  iD.  36c.  per 
pair?          D.  c.  D.c.       c.        D.     D.c. 

Sold  at    1,36  As  1,25   :,n   :   100  :  8,80  gain  per  c,ent. 

Prime  coft  1,25  D.    D.c.    D.c.      [ready  money. 

Then,  13—8,802=4520     Now, 
Gained     ,11  per  pair.  D.    Mo.       D.c.  Mo.  days. 

As  6  ;   12  ;  :  4,20  :    8     ia  Anf. 

In  cafting  Up  the  amount  of  goods  bought,  imported  or  export 
ed  ;  to  the  prime  coft  of  fuch  goods  we  muft  add  all  the  charges 
upon  them,  in  order  to  fix  the  price  they  ftand  us  in. 

12.  Suppofe  I  import  from  France,  12  bales  of  cloth,  contain 
ing  10  pieces  each,  which,   with  the  charges  there,  amounted  to 
3600.  ;  I  pay  duty  here  92C.   per  piece,    for  freight  izD.    and 
portage  iD.  2$c.  ;  What  does  it  ftand  me  in  per  piece,  and  hovr 
muft  i  fell  it  per  piece  to  gain  lOD.  per  cent.  ? 

1 2  bales.  D.  c* 

10  Firft  coft  360 

Duty  110,40* 

120  pieces.  Freight     12 

Pieces.     D.c.     Piece.  D.c.  Porterage      1,25 

As  120  :  483,65  ::  i  :  4,03  coft  per  piece. 

Whole  coft,  483,65 
D.     Pieces.  D.c.       c.vi. 
Again,  As  100  :  10  : :  4,03  :  40,3  gain. 
40,3 

D,  4;43>3  the  price,  at  which  it 
jnuft  be  fold  per  piece. 

CASE 


LOSS     A  N  »      GAIN.  s8t 

CASE        II. 

To  know  how  a  commodity  muft  be  fold,  to  gain  or  lofe,  fo  much  ptr  cent. 

RULE. — As  TOO/,  is  to  the  price  ;  fo  is  iOO/.  with  the  profit 
added,  or  lofs  fubtrafted,  to  the  gaining  or  lofing  price. 

EXAMPLES. 

i.  If  I  buy  a  quantity  of  ferge,  at  $s.  per  yard  ;  How  muft  I 
fell  it  per  yard,  to  gain  13^.  6j,  8d,  per  cent.  ? 

£.      s.         £.  s.  d.  Or  thus  .• 

As  100  :  5  ::  113  68  £.     s.  d. 

20  20  11368 

"  ~"  5 


4bV^\^^/                                  jift\J\9 

12                        12 

J.5J66  13  4 

12 

24OOO               272OO 

5 

24,000)136,000(5 

12O 

792 
Add     8~|  of 

d.  8  |oo 

12=13*. 

l6 
12 

s.d. 
Anf.  5  8  p 

er  yard. 

192 


ooo 


2.  If  a  barrel  of  powder  cofl  4/.  how  muft  it  be  fold  to  lofe 
per  cent.  ? 

£•     £•      £•  Or  thus; 

As  100  :  4  :  :  90  90 

4  4 


1  00)360(3 

300  20 

6O  S.  12JOO 

20 

100)1200(12     Anf.£§  izs. 

1200 

3.  Bought  cloth,  at  15^.  per  yard,  which  not  proving  fo  good 
as  I  expected,  I  am  content  to  lofe  17^  per  cent,  by  it  ;  How 
muft  I  fell  it  per  yard  ? 

N  n  As 
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£.       s.          £.        s.  d.  Or  thus : 

As  100  :  15  ::  82*  :  12  4^  Anf.  its.  ^\d.    82  10 


3X5=^5 


10  s* 

~fof  12X10 


1  qrs.  2|o 
If  i2Oft  of  fteel  coft  7/.  How  muft  I  fell  it  per  ft  to  gain 

Per  cent-  - 

ft      £.       ft      *.<*.  £.       J.  </.        £.         J.  £ 

As  120  :  7  :  :  i  :  i   2     As  100  :  i  2  :  :   115!  :   i  4  per  ft  Anf. 

5.  A  gentleman  bought  10  tons  of  iron  for  200^.  the  freight 
and,  duties  came  to  25^.  and  his  own  charges  to  8£.  6s,  8d.  ;  How 
muft  he  fell  it  per  ft  to  gain  2o/.  per  cent,  by  it  ? 

£.     £        £.  s.d.    £.  s.  d.  £.  s.d.   £.  s.    d. 

As  100  :  20  :  :  233  6  8  :  46  13  4  Then,  233  6  8-{-46  13  4^12 

Tons.    £.    "ft      d.    ' 
As  10  :   280  :  :   i  :  3  per  ft  Anf. 

6.  If  a  bag  of  cotton,  weighing  %Gwt.  Qqr.  2Oft  cofl  43^.  55Ca 
How  muft  it  be  fold  per  Cwt.  to  lofe  8j£).  per  cent  ? 

Cojt.qrs.lfo     D.  c.    Cwt.D.c.m.  D.c.m.D.c.m. 

As  8  o  20  :  45,55  :  :  i  :  5,56,9  As  too  :  92  :  :  5,56,9  :  5,12,3  Anf. 

7.  Bought  fifh  in  Newburyport,  at  10^.  per  quintal,  and  fold  it 
at  Philadelphia,  at  17^.  6d.  per  quintal  ;  now,  allowing  the  charges 
at  an  average,  or  one  with  another,  to  be  2j»  6d.  per  quintal,  and 
confidering  I  muft  lofe  2O/.   per  cent,  by  remitting  my  money 
home  ;  What  do  I  gain  per  cent.  ? 

;    '  s.    d. 

Selling  price  17  6  Philadelphia  currency,  per  quintal. 
Charges     2  6  ditto. 

150  ditto. 

£.     '•      £-     *• 

As  100  :   15  :  :  bo  :   12  Newengland  currency. 
Sold  at    12J.  per  quintal. 
Bought  at  lOs.  per  quintal. 

Gained  2^.  per  quintal. 

*    *      £•    £• 

As  i©  :  2  :  :  100  :  20  per  cent,  gained,  Anf. 

8.  Bought 
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8.  Bought  50  gallons  of  brandy,  at  4*.  per  gallon,  but,  by  ac 
cident,  10  gallons  leaked  out ;  At  what  rate  muft  I  fell  the  re 
mainder  per  gallon,  to  gain  upon  the  whole  prime  coft,  at  the 
rate  of  10^.  per  cent.  ?  Galls.  £ ".  Gall.  s. 

50  galls,  at  4-r.  per  gall.nr^io  As  40  :  10  :  :   i  :  5 

10  gallons  leaked  out.  £.      s.        £.      s.  d. 

As  100  :  5  ::  no  :  5  6  Anf. 
40  gallons  remain. 

CASE        III. 

When  there  is  gained  or  loft  per  cent,  to  know  what  the  commodity  coft. 
RULE. — As  ioo/.  with  the  gain  per  cent,  added,  or  lofs  per 
cent,  fubtrafted,  is  to  the  price  :  So  is  1OO/.  to  the  prime  coft, 

EXAMPLES. 

i.  If  i  yard  of  cloth  be  fold,  at  5-f.  %d.  and  there  is  gained 
*3/.  6st  8^.  per  cent.  What  did  the  yard  coft  ? 

£.  s.d.     s.d.        £. 

As  113  6  8  :  5  8  ::  100 

20  12  68 

68 


27200  272,oo)68|oo(o 

20 

272,00)1360100(5-$-.     Anf.  5^.  prime  coft. 
1360 

2.  If  12  yards  of  cloth  are  fold  at   15^.  per  yard,  and  there  is 
*}l.  IQS.  lofs  per  cent,  in  the  fale  ;   What  is  the  prime  coft  of  the 
whole  ?    Yd.     s.       Yds.   £.         £.  s.    £.     £.    £.  s.  d. 

As  i   :   15  ::  12  :  9     As  92  10':  9  : :  100  :  9  14  7   Anf. 

3.  If  4oft  of  chocolate  be  fold  at  is.  bd.  per  ft,  and  I  gain  g/, 
per  cent.   What  did  the  whole  coft  me  ? 

ft      s.d.        ft      £.  £.     £.       £.     £.s.  d, 

As  i   :  i  6  ::  40  :  3       As  109  13::  100  :  2   15  of  Anf. 

4.  If  19!  Ciut.  fugar  be  fold  at  140.  5Oc.  per  Cwt.  and  I  gain 
15^.  per  cent.  What  did  it  coft  per  Cwt.  ? 

D.        D.         D.  c.       D.  c.  m. 
As  114  :    100  ::   14,50  :  12,60,8  Anf. 

CASE        IV. 

If  by  zvares  fold  atfuch  a  rats,  there  isfo  much  gained  or  loft  per  cent, 
.    to  know  what  would  be  gain-ed  or  loft  per  cent,  if  fold  at  another  rate. 

RULE. — As  the  firft  pries  is  to  ioo£  with  the  profit  per  cent, 
added,  or  lofs  per  cent,  fubtra&ed  ;  fo  is  the  other  price,  to  the 
gain  or  lofs  per  cent,  at  the  other  rate. 
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N.  B.  If  your  anfwer  exceed  100^.  the  excefs  is  your  gain  per 
cent,  but  if  it  belefsthan  ioo/.  the  deficiency  is  your  lofs  per  cent.  ? 
EXAMPLES. 

t.  If  cloth,  fold  at  5-f.  8d.  per  yard,  be  13^.  6s.  %d.  profit  per 
cent.  What  gain  or  lofs  per  cent.  Ihall  I  have,  if  1  fell  the  fame 


at  51.  per  yard  ? 

i        f          i 
s.  a.      £  .    s.  <L       s. 

As  5  8  :   113  6  8  ::  5 

12  20 


68 


68)136000(200,0   100  —  loomo  Anf.  I  neither  gain  nor  lofe, 
136        -- 
-  £ivo 

,000 

2.  If  cloth,  fold  at  41.  per  yard,  be  ioL  per  cent,  profit  ;  What 
{hall  i  gair*  or  lofe  per  cent,  if  fold  at  %s.  6^.  per  yard  ? 

s.      £.         s.  d. 
As  4  :  no  ::  3  6 

12  ia  £-    £•    £• 

—  Then,  100—954=3! 

48  42 

1  10 

48)4620(96!  Anf.  I  loft  /*3j  per  cent,  by  the  laft  fale, 


300 
288 


3.  If  I  fell  a  gallon  of  wine  for  iD.   50^.  and  thereby  lofe  12 
per  cent.  What  fhall  I  gain  or  lofe  per  cent,  if  I  fell  4  gallons  of 
the  fame  wine  for  6D.  jzc,  ? 

D.    D.       D.c.      D. 
As  6  :  88  ::  6,75  :  99     And  100—991=1  per  cent.  lofs. 

4.  I  fold  a  watch   for  5O/.  and  by  fo  doing,  loll  17^.  per  cent. 
•whereas  i  ought  in  trading  to  have   cleared  2O/.  per  cent.  How 
much  was  it  fold  under  its  real  value  ? 


£• 

£- 

£.  £.s.d. 

£* 

£• 

s.  d. 

£; 

£r 

s. 

d. 

As  83  ; 

50  :: 

100  ;  60  4  9^ 

As  100 

:  60 

4  9i 

::  120 

:  72 

5 

9l 

£•*. 

d.  £.  £.s. 

d. 

Then, 

r~  5 

91—50=22  5 

91  Anf. 

^-.  X-t  V 

T  ^- 

N  x  y 

EQUATICW 
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EQUATION     OF     PAYMENTS 

Is  the  finding  of  a  time  to  pay,  at  once,  feveral  debts  due  at 
Different  times,  fo  that  no  lofs  fhall  be  fuflaiaed  by  either  party. 

RULE      I.* 

Multiply  each  payment  by  the  ti«ie  at  which  it  is  due  ;  then 
divide  the  fum  of  the  produces  by  the  fum  of  the  payments,  and 
the  quotient  will  be  the  equated  time,  or  that  required. 

EXAMPLES. 

i.  A  owesB  380^.  to  be  paid  as  follows,  viz.  iOO/.  in  6  months, 
120/.  in  7  months,  and  i6o/.  in  10  months;  What  is  the  equated 
time  for  the  payment  of  the  whole  debt  ? 
ioox   6m  600 
i2ox  7=  840 
i6oX  lorn  600 


8  months,  Anf. 
3040 

2.  A  owes  B  104^.  15^.  to  be  paid  in  4^  months,  i6il.  to  be  paid 
in  3f  months,  and  152^.  $s.  to  be  paid  in  5  months  ;  What  is  the 
equated  time  for  the  payment  of  the  whole  ? 

Anf.  4  months  and  8  days. 

3.  There  is  owing  to  a  merchant  6g8/.  to  be  paid  i;8/.  ready 
money,  2OO/.  at  3  months,  and  3«O/.  in  8  months  ;  I  demand  the 
indifferent  time  for  the  payment  of  the  whole  ? 

Anf.  4f  months. 

4.  The  fum  of  164^.  i6c.  6m.  is  to  be  paid  \  in  6  months,  i  in 
S  months,  and  i  in  12  months  ;  What  is  the  mean  time  for  the 

payment  of  the  whole  ?  Anf.  j*  months. 

RULE     II. 

See,  by  rule  ift,  at  what  time  the  firft  man,  mentioned,  ought  to 
pay  in  his  whole  money  ;  then,  as  his  money  is  to  his  time,  fo  is 
the  other's  money,  to  his  time,  inverfely,  which,  when  found, 
muft  be  added  to,  or  fubtrafted  from,  the  time  at  which  the  fec- 
ond  ought  to  have  paid  in  his  money,  as  the  cafe  may  require, 
and  the  fum3  or  remainder,  will  be  the  true  time  of  the  fscond's 
payment.  EXAMPLES. 

*  This  rule  is  founded  upon  a  fuppofition,  that  tbe  fum  of  the  interefts  of  the  fev- 
eral  debts,  which  are  payable  before  the  equated  time,  from  their  terms  to  that  time, 
ought  to  be  equal  to  the  fum  of  the  interefts  of  the  debts  payable  after  the  equated 
time,  from  that  time  to  their  terms.  Some,  who  defend  this  principle,  have  en 
deavoured  to  prove  it  to  be  right  by  this  argument  ;  that  what  is  gained  by  keeping 
fome  of  the  debts  after  they  are  due,  is  loft  by  paying  others  before  they  are  due  ; 
but  this  cannot  be  the  cafe  ;  for  though,  by  keeping  a  debt  after  it  is  due,  there  is 
gained  the  interett  of  it  for  that  time  ;  yet  by  paying  a  debt  before  it  is  due,  the 
payer  does  not  lofe  the  intereft  for  that  time,  but  the  difcount  only,  which  is  lefs 
than  the  intereft,  and  therefore  the  rule  is  not  accurately  true  ;  however,  in  moil 

queftions,  which  occur  in  bufmefs,  the  error  is  fo  trifling,  that  it  will  always  b« 

jaade  u.fe  of  as  the  tnoft  eligible  method. 

The  true  rule  will  be  given  in  Equation  of  Payments  by  Decimals. 


EQUATION   01   PAYMENTS, 
EXAMPLES. 

1.  A  is  indebted  to  B  150^.  to  be  paid,  50^.314  months,  and  too/, 
at  8  months  :  B  owes  A  250^.  to  be  paid  at   10  months  :  It  is 
agreed  between  them,  that  A  fliall  make  prefent  pay  of  his  whole 
debt,  and  that  B  fhall  pay  his  fo  much  the  fooner,  as  to  balance 
that  favour  ;  1  demand  the  time  at  which  B  muft  pay  the  250^ 
reckoning  fimple  intereft. 

50X4—200 
ioox8n=8oo 

5o-f-iOOzri5|o)ioojo(6|.  months,  A's  equated  time. 
'90 

10 

£.      mo.       f.     mo.  mo.  mo.  mo. 

As  150  *  6|  ::  250  *  4   Then,  10—4—6  time  of  B's  payment, 

2.  A  merchant  has  iso/.  due  to  him,  to  be  paid  at  7  months  ; 
but  the  debtor  agrees  to  pay  \  ready  money,  and  -|-  at  4  months  ; 
I  demand  the  time  he  mult  have  to  pay  in  the   reft,  at  fimple 
intereft,  fo  that  neither  party  may  have  the  advantage  of  the 
other? 

Debt  ^120 

^nz  60  muft  be  paid  down. 

•^zzz  40  muft  be  paid  at  4  months. 

£—  20  unpaid. 

Now,  as  he  pays  6ot.  7  months,  and  40^.  3  months  before  they 
are  refpeclively  due  :  Say,  As  the  intereft  of  2O/.  for  i  month, 
is  to  i  month,  fo  is  the  fum  of  the  intereft  of  6oi.  for  7  months, 
and  of  40^.  for  4  months,  to  a  4th  number,  which,  added  to  the 
7  months,  will  give  the  time  for  which  the  so/,  ought  to  be  re 
tained. 

Anf.  2  years  and  10  monthus. 

3.  A  merchant  has  i  2OO/.  due  to  him,  to  be  paid  i  at  2  months, 
%  at  3  months,  and  the  reft  at  6  months  ;  but  the  debtor  agrees 
to  pay  -jdown  ;  How  long  may  the  debtor  detain  the  other  half^ 
fo  that  neither  party  may  fuftain  lofs  ?  . 

mo.   mo. 

£X  2~°T  Now,  as  {  was  paid  44  months  before 

.1X3— l  **•    WaS   due,    it    is    realonable    that   he 

^-Xt)=^3  fhould    detain  the  other  \  4-}  months 

after   it   became    due,    which,    added, 

Equated  timem  4-i-  gives  8|-  montho.  the  true  time  for  the 

fecond  payment, 

EQUATION 


EQUATION  OF  PAYMENTS  BY  DECIMALS.      2*7 
EQUATION  OF   PAYMENTS  BY   DECIMALS. 
RULE.* 

1.  To  the  fum  of  both  payments  add  the  continual  produft  of 
the  firft  payment,  the  ratio,  and  the  time  between  the  payments, 
and  call  this  the  firft  number. 

2.  Multiply  twice  the  firfl  payment  by  the  ratio,  and  call  this 
the  fecond  number. 

3.  Divide  the  firft  number  by  the  fecond,  and  call  the  quotient 
the  third  number. 

4.  Call  the  fquare  of  the  third  number  the  fourth  number. 

5.  Divide  the  produft  of  the  fecond  payment  and  time  between, 
the  payments  by  the  produft  of  the  firft  payment  and  the  ratioa 
and  call  the  quotient  the  fifth  number. 

6.  From  the  fourth  number  take  the  fifth,  and  call  the  fquare 
root  of  the  difference  the  fixth  number. 

7.  Then  the  difference  of  the  third  and  fixth  numbers  is  the 
equated  time,  after  the  firft  payment. 

EXAMPLE. 

There  are  ioc£  payable  in  2  years,  and  ioS/.  at  6  years  hence  ; 
What  is  the  equated  time,  allowing  fimple  intereft,  at  6  per  cent* 
per  annum  ? 

ift  payments  i  oo  ift  payment  100 

Ratio:=rfo6  Multiply  by      2 

6,00  200 

Time  between  the  payments=:4  years.     Multiply  by  the  ratio=,o6 

24. 
Add  both  payments—  «  I0g 

Div.  by  the  ad.  numb. =:ia)23orrift  number. 

1 9, 1 66-J-:r=3d  number. 
ig,i66-(- 


3d  number  fquaredrrgS;, 345556=4111  number. 

*d  payment 

*  Suppofe  a  ftim  of  money  be  due  immediately,  and  another  fum  at  the  expiration 
of  a  certain  given  time  forward,  and  it  is  propofed  to  find  a  time,  fo  that  neither 
party  fhall  fullain  lots. 

Now,  it  is  plain  that  the  equated  time  muft  fall  between  the  two  payments  ;  and 
that  what  is  gotten  by  keeping  the  firft  debt  after  it  is  due,  fhould  be  equal  to  what 
is  loft  by  paying  the  fecond  debt  before  it  is  due  ;  but  tke  gain  anting  from  the 
keeping  of  a  fum  of  money  after  it  is  due,  is  evidently  equal- to  the  intereft  of  the 
debt  for  that  time  :  And  the  lofs,  which  is  fuftained  by  the  paying  of  a  futn  of 
money  before  it  is  due,  is  evidently  equal  to  the  difcount  of  the  debt  for  that  time  : 
Therefore  it  is  obvious  that  the  debtor  muft  retain  the  fum  immediately  due,  or  the 
firft  payment,  till  its  inter  ejl  (hall  be  equal  to  the  difcount  of  the  fecond  fum  for  the 
time  it  is  paid  before  due  ;  becaufe  in  that  cafe  the  gain  and  lois  will  be  equal,  and 
confequently  neither  party  can  be  a  lofer. 


COMMISSION  or  FACTORAGE 

ad  payment±rta6 
Multiplied  by  the  time~     4 

mil.  by  the  rati 


70,666-$-— 5th  number. 
From  the  4th  numberrr367, 345556 
Take  the  5th  numbers:  70,666666 

296,678890(17,214  fquare  rootrrSth  number. 
Trom  the  gd  number~3i9,i66 
Take  the  6th  number     17,224 

ij942~equated  time  from  the  firft  payment ;  there 
fore  3,942  year s=3>  HOT.  i^zswboJc  c- 

quated  time. 


[2_    106X4 


COMMISSION   OR  FACTORAGE* 

Is  an  allowance  of  fo  much  per  cent,  to  a  faftor,  or  correfpond- 
cnt,  abroad,  for  buying  and  felling  goods,  for  his  employer. 

EXAMPLES. 

i.  What  comes  the  commiflion  on  539^.  i2x.  grf.  to,  at  4f  per 
cent.  ? 

£.  s.  d. 
539  12  9 


2158  it  o 
Produ&of|—  269  1  6  4! 

^24)28     7  4f 
20 


12 

<i.  8[o8 

a.  My  faftor  receives  ico8/.  to  lay  out,  after  having  dedufted 
his  commiflion  of  5^.  per  cent.  What  does  his  commiflion  a^» 
mount  to  ? 

Here, 

*  The  method  of  working  quefticns  in  this  rule,  Brokage,  and  the  firft  cafe  «£ 
Infuraace,  is  the  fame  as  in  Sjaaple  Intercft4 


BROKERAGE.  rity 

Here,  as  his  commiffion  is  to  be  deducted  from  .the  given  fum, 
;t  is  evident  that  I  ought  not  to  pay  him  romm'iffion  on  his  own 
money,  (which,  however,  is  often  unjuftly  pra&ifed)  therefore, 

£•    £-      £•     £• 

As  105  :  5  ::  1008  :  48  &nf< 

3.  My  correfpondent  writes  me.  that  he  has  purchafed  goods 
to  the  value  of  673^.  izs.  ;  What  does  his  commiffion   on    that 
fum  amount  to,  at  <$&l.  per  cent.  ?  Anf.  £23   us.  6^ 

4.  What  muft  I  allow  my  correfpondent,  at  2|t.  per  cent,  for 
difburfing  on  my  account  395^.  i$s.  5^.  ?  Anf.  £%  i8.r.  i*. 

BROKERAGE 

Is  an  allowance  of  fo  much  per  cent,  to  a  perfon  called  a  b role ?.:••, 
for  affifting  merchants  or  factors  in  purchafing  or  felling  goods. 

EXAMPLES. 

1.  What  is  the  brokerage  upon  525.?.  101.  at  51.  or  ±t.  per  cent.  ? 

£.    s. 

!  5*.  1  I  I  525  10 

— •  5  (hillings  being  an  aliquot 

1J31    76-'  part  of  i/.  ;    divide   by  that 
20  part,  and  the  quotient  is  the 
anfwer* 

6|27 

1  2 

3l3° 

4  Anf.  £i   6s.  3id. 

1J20 

2.  What  is  the  brokerage  upon  673^.   i6s.  at  -•>-£  per  cent,  r* 

Anf.  £4  41.  i\.l. 

3.  If  a  broker  fell  goods  to  the   amount  of  2864.0.  ^6c*  What 
is  his  demand  at  i^  per  cent.  ? 

Anf.  4_zD.  960.  6-^y/i, 

BUYING    AND    SELLING    STOCKS. 

Stock  is  a  general  name  for  the  capitals  of  trading  companies, 
banks,  &c.  and  the  buying  and  felling  certain  fums  of  money  iu 
thofe  funds,  is  not  unufual. 

EXAMPLES. 

i.  What  is  the  purchafc  of  275^  15?.  bank  flock,  at  j \{L  per 
cent.  ? 

O  o  A  5 l- 


«9o  POLICIES    OF    INSURANCE* 

£.    s.  d. 

74! /.  want  25^.  of  too/,  there 
fore,  take  parts  for  the  deficiency, 
and  fubtraft  the  fum  of  thofe  parts 
from  the  given  fum. 


£205     8  8|  Anf. 

Or,  If  I  had  taken  parts  for  74!^.  the  rate  per  cent,  then  the 
fum  of  the  feveral  quotients  would  have  been  the  anfweras  above. 

When  the  price  is  above  iOO,  take  parts  for  the  furplus  of  the 
price  above  100,  and  add  them  to  the  given  fum  for  the  anfwer. 

2.  What  is  the  purchafe  of  1029^.  10*.  6d.  bank  flock,  at 
per  cent.  ? 

£.  /.    *.*. 


10 


To 


1029  10  6     at       100    per  cent. 
102    19  of  at          10    per  cent. 
2  11   5|  at  I  per  cent. 


Anf.  ^1135     i  o     at     £*no|  per  cent. 

3.  What  is  the  purchafe  of  iO^S/.  12*.  bank  flock,  at 

per  cent.  ?  AnJ.  £1225  6s.  b±d. 

4.  What  does  i6oQ/.  capital   flock,  in  the  MafTachufetts  bank, 
come  to,  at  1 2o|/.  per  cent.  ?  Anf.  £"1922. 

POLICIES    OF    INSURANCE. 

Infurance  is  a  fecurity,  or  aiTurance,  by  mean  of  a  writ  called 
a  Policy^  to  indemnify  the  infured  of  iuch  lotfes  as  fhall  be  fpeci- 
fied  in  the  policy  fubfcribed  by  the  infurer.  or  infurers,  by  which 
the  underwriters  oblige  themfelves  to  make  good  and  effeftual 
the  property  infured,  in  confideration  of  a  certain  premium  at  a 
flipulated  rate  per  cent,  (which  varies  according  to  the  rifque) 
to  be  immediately  paid  down,  or  otherwiie  fecured  according  to 
the  tenor  of  the  agreement. 

The  average  lofs  is  10  per  cent.  ;  that  is,  if  the  infured  fuffer 
any  damage  or  lofs,  not  exceeding  10  per  cent,  he  bears  it  him- 
felf,  and  the  infurers  are  free. 

A  policy  fhould  be  taken  out  for  a  fum  fufficient  to  cover  th« 
principal  and  premium,  and  the  buiinefs  of  this  rule  is,  in  gener 
al,  to  calculate  what  that  fum  fliould  be. 

CASE         I. 

When  the  premium,  at  a  certain  rate  per  cent,  for  infuring  ajum,  is  re 
quired,  the  operation  is  the  Jams  as  in  interejt.  or  commijfion. 

i.  What 
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i.  What  is  the  premium  upon  537^.  151.  9^.  at  6f  per  cent,  ? 
£.    s.     d. 
637  *5     * 


3226  14  6 
—  268  17  10$ 

34|95  12  4f 

20 


13 


CASE        II. 

Tojind  the  JUKI  for  which  a  policy  Jhould  be  taken  out  to  cover  a  given  fum. 
RULE.  —  Take  the  premium  from  TOO/,  and  fay,  As  the  remain 
der  is  to  100  ;  fo  is  the  fum  adventured,  to  the  policy.* 

i.  It  is  required  to  cover  759^.  premium  8  per  cent.  ;  For 
what  fum  muft  the  policy  be  taken  ? 
100 
8 

92  :  ice,  :  :  759 

100 

_____  .  /* 

92)75900(825  Anf. 
736 

230 
184 

460 
460 

2.  A 

*  Now  it  Is  plain,  that  if  I  want  to  recover  g2/.  I  rnuft,  in  this  cafe,  infure  upon 
too/.  ;  therefore,  to  recover  759/.  I  muft  infure  upon  825^  5  for  when  8  per  cent. 
for  premium  is  dedufted,  I  mail  have  759^.  remaining  nett. 
For  ^825=fum  infured  upon  at  8  per  cent. 
66=premium  to  be  deducted, 

759=:the  firft  outfet. 
In  this  and  the  following  cafes,  let  #rr  too,  p=  premium,  arramount  to  be  in- 

fined  upon,  and  s  =  fum  to  be  covered  j  then  x—  p  :  x  ;  ;  s  :  at  or~^i~=». 

«—  P 
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2.  A  merchant  fent  a  veiTel  and  cargo  to  fea,  valued  at  1525!.  ; 
"What  fum  mud  the  policy  be  taken  out  for,  to  cover  his  proper 
ty,  premium  19^  per  cent.  ? 
100 


80.5  :  100  :  :  1525  :  £"1,894  8s.  z\d.  Anj. 

CASE        III. 

When  a  policy  is  taken  -out  for  a  certain  Jum  in  order  to  cover  a  given  fum  : 
To  find  the  premium,  fay,  As  the  policy  is  to  the  covered  fum  ; 
fo  is  ioo/.  to  a  fourth  number,  which,  being  taken  from  iOO,  will 
leave  the  premium.* 

If  a  policy  be  taken  out  for  1250^.  to  cover  gOO/..What  is  the 
premium  per  cent.  ? 

1250  :  500  ::   ioo 
joo 


1250)50000(40  and  £  ioo  —  j[Om 
CASE         IV. 

When  the  policy  for  covering  any  fum  and  the  premium  per  cent,  art 
given,  to  find  the  fum  to  be  covered. 

RULE.  —  Deduft  the  premium  per  cent,  from  iOO,  and  fay,  As 
ioo  is  to  the  remainder  ;  fo  is  the  policy  to  the  fum  required  to 
be  covered. 

If  a  policy  be  taken  out  for  1250^.   at  60  per  cent.  ;  What  is 
the  adventure,  or  fum  to  be  covered  ?t 
ioo 
60 

ioo  :  40  ::  1250 
40 

100)50000(500  Anf. 

CASE        V. 

When  a  given  Jum  is  adventured  fever  al  voyages  round  from  one  place 
to  another,  cither  at  the  fame,  or  different  rtfques,  from  place  top(ace, 
and  it  is  required  to  take  out  a  policy  for  fuch  a  Jum  as  will  cover  the 
adventure  all  round,  Juppojing  the  rijque  out  and  home  to  be  equal 
and  tantamount  to  the  Jeveral  given  ri 


:  s  :  :  x  :  x  — 


f  A-  :  x~  p  :  :  a  ;  s,  or, 


O  L  I  C  I  E  S   OF   I  N  S  U  R  A  N  C  E. 


Pv    U     I,     E. 

1.  Raife  iOOlf  to  that  power  denoted  by  the  number  of  ri'ques, 
id  multiply  the  faid  power  by  the  fum   adventured,  (or  to  bo 
>vered)  for  a  dividend. 

2.  Subtract  the  feveral  premiums,  each,  from  ico^.  and  multi 
py  the  feveral  remainders  continually  together  tor  a  divifor, 
and  the  quotient,  arifing  from  this  divifion,  will  give  the  policy 
to  cover  the  adventure  the  voyage  round,* 

i.  A  merchant  adventured  480^  iQ.r.  from  Newburyport  to 
Southcarolina,  from  thence  to  Jamaica,  and  from  thence,  home, 
and  the  premium  was  5  per  cent,  from  port  to  port  ;  What  fum 
muft  he  take  out  a  policy  for,  to  cover  his  adventure  the  voyage 
round,  fuppoilng  the  rifque  to  be  equal  out  and  home,  and  tan 
tamount  to  the  feveral  given  rifques  ? 
ioox  lOOX  100x480.5—480500000—  Dividend. 

1OO  1OO  IOO 


—5 
95 


5  —5 


X       95     X      95=857375  —  Divifor. 
857375)480500000(560'.  Vs.  7±d.  Anf. 
2.  A  merchant  adventured  5OO/.  from  Rofton  to  Philadelphia, 
at  3  per  cent,    from  thence  to  Guadaloupe,  at  4,  from  thence   to 
Nantz,  at  5,  and  from  thence  home,  at  6  per  cent.  ;   For  what 
furn  muft  he  take  out  a  policy  to  cover  his  adventure  the  voyage 
round,  fuppofing  the  rifque  to  be  equal  out  and  home,  and  tanta 
mount  to  the  feveral  given  rifques  ? 
100    X     100  x  100  x  too  x  500 


loo — 3X100- 


100— x  100—6 


rr^6o<,  270, 


*  For  the  firft  Voyage. 


Second  Voyage. 


—  p  ;  x  :  :  s 
xs 


CASE 

Third  Voyasrc. 


_rr<z. 


^XfZf—  s. 


xxs 

i-v'~=A. 


for  as  many  voyages  as  may  be  required.     Hence,  making  »z— exponent  of  any  giv- 

m 
en  power, — • • — —  ~  fum  to  be  infured  upon,  all  round  : And 


•  —  •  the  premium  all  round,  tantamount  to  the  feveral  given  premiums  ; 


s,  in  this  Theorem,  being  equal  to  the^firft  adventure,  and  a^z  amount  which  will 
cover  that  adventure  thx;  voyage  round. 
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CASE       VI. 

When  a  given  fum  is  adventured  Jeveral  voyages  round,,  as  in  the  loft 
cafe,  either  at  the  ja me,  or  different  rijques,  Jrom  port  to  port,  and 
the  premium  for  the  voyage  round  is  required,  tantamount  to  thejev* 
eral  given  rates  per  cent. 

RULE. 

1.  Find  the  fum  for  which  the  policy  muft  be  taken,  by  the 
laft  cafe. 

2.  Multiply  the  fum  adventured  by  100,  and  divide  that  prod- 
uft  by  the  policy. 

g.  Take  the  quotient  from  100^.  and  the  remainder  will  be  the 
premium  per  cent,  on  the  policy,  tantamount  to  the  feveral  pre 
miums  given  in  the  queftion. 

1.  A  merchant  adventured  480^.   lOj.   from   Newburyport  to 
Southcarolina,' from  thence  to  Jamaica,  and  from  thence,  home, 
and  the  premium  was  5  per  cent,  from  port  to  port  :   What  will 
be  the  premium  tantamount  to  the  feveral   given  premiums,  (al 
lowing  the  rifques  out  and  home  to  be  equal)  on  the  policy  which 
will  cover  the  firft  adventure  of  480^.  10*. 

In  queftion  i,  Cafe  5,  we  found  the  policy  to  be  ^560  8s.  7^.=/"569,43i45 
480.5X100=48050  and 560,43 125)48050,00000(85, 7375  and  100 
— 85,7375=^14,2625  the  premium  required  :  Or  thus, 
480,5X100 

ioo 11114,2625. 

560,431*5 

2.  A  merchant  adventured  500^.  from  Bofton  to  Philadelphia, 
at  3  per  cent,  from  thence  to  Guadaloupe,  at  4  ;  from  thence  to 
Nantz,  at  5  ;  and  from  thence,  home,  at  6  per  cent.  ;  What  will 
be  the  premium,  tantamount  to  thofe  given  in  the  queftion,  on  a 
policy  for   covering   the  firft   adventure,  the  voyage,  fuppofing 
the  rifques  owt  and  home  equal  ? 

In  queftion  2d,  Cafe  5,  we  found  the  policy,  which  would, 
cover  the  adventure  the  voyage  round,  to  be  £'601,278. 

rQO  VX    I  QQ 

Then,  100 —  —• rr-zr£'i6,844n:the  premium  per  cent,  on 

the  policy  the  voyage  round,  and  tantamount  to  the  feveral  giv 
en  premiums. 

CASE       VII. 

Jf  a  policy  be  taken  out  for  a  given  fum.  to  cover  a  certain  adventure 
Jrom  one  port  to  another,  on  to  Jeveral  ports,  at  equal  premiums  frsm 
one  place  to  the  other,  tojind  zuhat  that  equal  premium  is. 
RULE. 

1.  Involve  100  to  that  power  denoted  by  the  number  of  rifques, 
and  multiply  this  power  by  the  fum  adventured,  (or  covered.) 

2.  Divide  the  laft  prpduft  by  ths  policy. 

3.  Extraft  that  root  of  the  quotient  denoted  by  the  number  bf 
rifques.  4.  Take 
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4.  Take  this  root  from  ioo/.  and  the  remainder  will  be  the  c- 
ajual  premium  from  one  port  to  the  other. 

1.  A  merchant  adventured  480^.  lOs.  from  Newburyport  to 
Southcarolina,  from  thence  to  Jamaica,  and  from  thence  home  ; 
to  cover  which  all  round  he  took  out  a  policy  for  560^.  8i.  7f</« 
and  the  premium  was  equal  from  one  place  to  the  other  ;  What 
was  the  premium  per  cent.  ? 

8° 

=5  per  cent. 

CASE       VIII. 

When  an  adventure  is  injured  out  and  home  at  one  rifque,  at  a  given 
rate  per  cent,  and  the  voyage  terminates  fiort  of  what  was  at  Jirjt 
intended  :   To  find  what  the  underwriter  mujl  receive  per  cent* 
RULE  i. — If  juft  half  the  voyage  is  performed,  it  muft  bs  con- 
fidered  as  two  equal  rifques  :  If  one  third,  then,  as  three  equal 
rifques  ;  if  but  one  fourth,  then,  as  four  rifques,  and  fo  on  ;  and 
by  Cafe  2d  muft  be  found  the  amount  which  will  cover  the  ad 
venture  the  voyage  round. 

2.  Involve  ioo  to  that  power  denoted  by  the  number  of  rifques^ 
and  multiply  this  power  by  the  fum  adventured. 

3.  Divide  this  produft  by  the  aforefaid  amount. 

4.  Extract  that  root  of  the  quotient  denoted  by  the  number  o£ 
rifques. 

5.  Take  this  root  from  ioo/.  and   the  remainder  will  be  the 
fum  per  cent,  which  the  underwriter  muft  receive. 

1.  A  merchant  covers  2OO/.  at  6  per  cent,  from  Newburyport 
to  the  Weftindies  and   home  again  ;  but  the  voyage  terminating 
in  the  Weftindies,  what  muft  the  infurer  receive  per  cent.  ? 
ioo 

6 

94:  ioo: :  200:  2 1 2, 765957rramounUo  cover £2oO  voyage  round. 

.      2OOCOOO 

lOOV  ioov  2OOZH2OOOOCO  and- —0400 

212,705957 

and  100—^9400^1:3,0465  to  be  paid  the  infurer  per  c«nt.  upon 
the  above  amount. 

2.  A  merchant   infures  350^.  to  the  Weftindies,  from  thence, 
to   France,  and   from   thence  home,  at   lO  per  cent,  the  voyage 
round  ;  but  there  is  but  one  third  part  of  the  voyage  performed  ; 
What  muft  the  infurer  receive  per  cent.  ? 

There  being  but  -|.  of  ihe-  voyage  performed,  we  muft  fuppofe 
three  equal  riiques. 
100 
10 

90  :  ioo  : :  350  :  388,8889,  £3  iOOX  ioox  100x350=350000000 

^899999,9999  tt  ioo-  V'89999959999==f  3>45'5  ^/- 

COMPOUND 


COMPOUND    INTEREST. 
COMPOUND     INTEREST 

Is  that  which  arifes  from  the  intereft  being  added  to  the  prin 
cipal,  and  (continuing  in  the  hands  of    the  borrower)  becomes  a 
part  of  the  principal,  at  the  end  of  each  ftated  time  of  payment. 
*,I  E   T    H   o   D     1. 

R  u   i.   E.* 

Find  the  amount  of  the  given  principal,  for  the  time  of  the  firfl 
payment,  by  Simple  Intereft  ;  next,  find  the  intereft  of  that  fum, 
or  principal,  and  add  it  as  before,  arid  thus  proceed  for  any  num 
ber  of  years,  ftill  accounting  the  laft  amount  35  the  principal  for 
the  next  payment.  The  given  principal  being  fubtrafted  from 
the  laft  amount^  the  remainder  will  be  the  compound  intereft. 

EXAMPLES. 

i.  What  will  48o/(  amount  to  in  5  years,  at  6  per  cent,  per 
annum  ?  £.  £. 

Principal  480  Principal  for  the  ift  year  480       o 

Rate  of  intereft   6  intereft  of  ditto    28     16 

28|8o  Principal  for  the-2d  year  508     16 

20  6 


i6|co  30|52     16 

£.     s.    d.  20 

Prin.  for  the  2,d  year  508   16  o  — 

Intereft  for  ditto    30  10  6|  iO\$6 

Prin.forthe3dyear539     6  6|  - 

6  6(72 

-  ,.  -  4 

32'35  19  3  "SS 

2O  2JOO 

Principal  for  the  3d  year£539     6  6| 

7p9  Intereft  for  ditto    32     7  2^ 

12  -  — 

—  -         Principal  for  the  4th  year  571   13  8| 


i|24  Principal 

*  As  all  the  computations  relating  to  Simple  Intereft,  are  founded  upon  Arith 
metical  Progreffion,  the  fimple  intereft  of  one  pound  being  a  feries  of  terms  in  A- 
rithmetical  Progreflion  incrcafmg  ;  whofe  firft  term  and  common  difference  is  the 
intereft  of  one  poi-nd  for  one  year,BBd  the  number  of  years  {hewing  the  number  of  all 
the  terms  ;  therefore,  the  hft  term  will  always  be  equal  to  the  product  of  the  time 
arid  rate,  equal  to  the  intereft  of  one  pound  for  any  given  time  :  Sothofe  relating  to 
Compound  Intereft  are  founded  upon  a  feries  of  terms  increafing  in  Geometrical 
Progreffion,  wherein  the  number  of  years  affigns  the  the  index  of  the  laft  and  higheft 
term  :  Therefore,  as  one  pound  is  to  the  amount  of  one  pound,  for  any  given  time  j 
io  io  any  propofed  principal,  or  fun,  to  icj  araovnt  for  the  fame  time, 
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£.    s.  d. 

Prin.  for  the  4th  year  571    13  8| 

6 


34|3°     2  4!  f  .   J.    d 

20  Prin.  for  the  4th  yr,  571  13  o^ 

--  Intereft  for  ditto.  34     6  o£ 

6|02 

12  Prin,  for  the  5th  year  605  19  9 

--  6 

o|  28  --  • 

4  36l35  18  6 

-  20 


.    *•     ^ 

Prin.  for  tbe  5th  year  605  19     9 
Intereft  for  ditto     36     7     2 


Amount  for  5  years  642     6  n 
Subtract  the  fit  ft  prin.  480     o     o 

Comp.  int,  for  5  years  162     6  n 

2.  What  is  the  compound  intereft  of  740^.  for  6  years,   at  4/, 
per  cent,  per  annum  ?  dnf.£itfi  6s.  8|t/» 

3.  What  will  400^.  amount  to  in  5   years,   at  4^.  per  cent,  per 
annum?  A*J.£$S  13^.  fiV. 

4.  What  \vill  150^.  amount  to  in   a  year,  at   2/.  per  cent,  per 
month?  An/,£i$e>  4;.  $dm 

MBTH^D     II. 

When  the.  rate  is  at  5  per  cent,  per  annum. 

1.  Divide  the  principal  by  20,  and  this  quotient,  adcled  to  the 
principal,  will  be  the  amount  for  the  firft  year,  and  the  principal 
for  the  fecond. 

2.  In  like  manner  find  the  amount  for  every  fucceeding  year, 

When  the  rate  is  at  6  per  cent,  per  annum. 

1.  Divide  the  principal  by  20,  and  that  quotient  by  5  :  Thefe 
quotients,  added  to  the  principal,  will  be  the  amount  for  the  fufi 
year,  and  the  principal  for  the  fecond. 

2.  In  like  manner  obtain  the  amount  for  every  fucceeding 
year, 

*     P  p  EXAMPLES, 


238        COMPOUND  INTEREST  BY  DECIMALS. 

EXAMPLES. 

What  is  the  amount  of  480!.         Of  the  fame  fum   at   5   pef 
at  6  per  cent,  per  annum,  for  5     cent,  per  annum,  for  5  years, 
years  ? 


20)480 
24 


20)504          amount  of  i  ft 
20)508  16  amount  of  ift  year.  25     4  ' 


9f 


8 
'519 

20)539    6     6|  ditto  of  2d. 

5)  26  *9  Si 

5     7  i°l 

20)571   13  8|  ditto  of  3d. 

5)  28  11  8 

5   14  4 


20)529     4 
26     9 


2o)555 
27 


ditto  of  2d. 


ditto  of  3d. 


20)583     8  10    ditto  of  4th, 
29     3     5l 

£612  12     3J  do.  of  5th,  Anf. 


20)605   iq     8f  ditto  of  4th. 
5)  30    5  «i 
6     i     2j 

^642     6  iof  do.  of  5th,  Anf. 

COMPOUND  INTEREST  BY  DECIMALS. 

A  TABLE  of  the  Amount  of  il.  at  i  per  Cent,  per  Month,  as  prafttfed 
at  the  Mafachufetts  Bank. 


Months.  \  f.  Dec.pts.  \  Months.  \£.Dec.  pts.  [Months. 

£*.  Dec.pts. 

i        j       1,005 

2                     1.01 

3             >>0J5 

4       I     1,02 

5 
6 

I 

1.025 
*>°3 
J»°35     ; 
Jj£4 

9 

10 

11 

12 

1,045 

i'05 
1,055 

1,06 

TABLE  o/"  Mg  Amount  of  \l. 


from  i  Day  to  31  Days9  at  6 
r  Annum. 


Days.  \  £  ,  Dec.  parts. 

Days.  \  jT.  Dec.  parts.  \  Days.  \  £.  Dec.  parts. 

i 

1,00016 

12 

1,00197 

,23 

1,00361 

2 

1,00032 

*3 

1,00213 

23 

1.00378 

3 

1.00049 

14 

I,OO23O 

24 

1,00394 

4 

i',ooo65 

*5 

i,co.>-46 

25 

1,00410 

5 

1  ,0008  2 

16 

1,00263 

26 

1,00427 

6 

IjOOOgB' 

J7 

1,00279 

27 

1,00443 

7 

1,00115 

18 

1.00295 

28 

1,00460 

« 

1,00131 

J9 

1,00312 

29 

1,00476 

9 

1,00147 

20 

1,00328 

30 

1,00493 

10 

1,00164 

21 

1,00345 

3» 

1,00509 

11 

1,00  1  80 
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CASE        I.* 

When  the  principal,  the  rate  of  inter'ejl,  and  time,  are  given,  to  find 
cither  the  amcunt  or  intereft. 

RULE  i. — Find  the  amount  of  i/.  for  i  year,  at  the  given  rate 
per  cent. 

a.  Involve  the  amount,  thus  found,  to  fuch  power,  as  is  de 
noted  by  the  number  of  years  ;  or,  in  Table  I,  at  the  end  of  An 
nuities^ 

*  Let  r  =rf  amount  of  i/.  for  i  year,  and  p  =r  principal,  or  given  fam ;  then,  fine* 
r  is  the  amouat  of  il.  for  I  year,  r  will  be  its  amount  for  2  years,  r*  for  3  years, 
and  fo  on ;  therefore,  jt  will  be  as  i  :  r  : :  r  :  r2  rr:  amount  for  the  fecond  year, 

or  principal  for  the  third  :  Again,  As  i   :  r  : :  r2  :  r*  =  amount  for  the  third 
year,  or  principal  for  the  fourth,  &c.  to  any  number  of  years.— And  if  the  time, 

or  number  of  years;  be  denoted  by  tt  the  amount  of  1 1.  for  t  years,  will  be  r*  ; 
from  hence  it  will  appear  that  the  amount  of  any  other  principal  fum  pt  for/  years, 

vs  pr !;  for,  as  i  :  r1 : :  p  :  pr,  the  fame  as  in  the  rule. 

If  the  rate  of  intereft  be  determined  to  any  other  time  than  a  year,  as  £,  £ ,  &e. 
the  rule  is  the  fame,  and  then  t  will  represent  that  ftated  time. 

(r  •=.  amount  of  i/.  for  i  year,  at  the  given  rate  per  cent, 
p  =:  principal,  or  fum  put  out  at  intereft. 
i  =  intereft. 
t  =  time. 
m  ~  amount  for  the  time  t. 

Then  the  following  Theorems  will  exhibit  the  folutions  of  all  the  cafes  in  Com~ 
pound  Intereft. 

I.pr*=:m.    ll.prt  —  pzzi.    III.  ~  t=p.      IV.  ~  —  r. 

The  mod  convenient  way  of  giving  the  Theorems,  efpeciaily  that  for  the  time,, 
will  be  by  Logarithms,  as  follows  : 

1.  txLog.  r-\-Log.  p  =  Log.  m.     II.  Log.  m—t^L.  r  =  L.p. 

L*m-—L,p  L.m—L.b 

m.    -r^  =  ,.    W.—r-l^L.r. 

If  the  compound  intereft,  or  amount  of  any  fum,  be  required  for  the  parts  'of  at 
year,  it  may  be  determined  as  follows  : 

I .  When  the  time  is  an  aliquot  part  of  a  year. 

Ru  L  E  I. — Find  the  amount  of  i  /.  for  i  year,  as  before,  arid  that  root  of  it,  which 
is  denoted  by  the  aliquot  part,  will  be  the  amount  of  i/.  for  the  time  fought, 

2.  Multiply  the  amount,  thus  found,  by  the  principal,  and  it  will  be  the  amount 
of  the  givea  fum  required. 

II,  When  the  tune  is  not  an  aliquot  part  of  a.  year. 

RULE  i. — Reduce  the  time  into  days,  and  the  365^1  root  of  the  amount  of  i/. 
for  i  year  is  the  amount  for  i  day. 

2.  Raife  this  amount  to  that  power,  whofe  index  is  equal  to  the  number  of  days, 
and  it  will  be  the  amount  of  i/.  for  the  given  time. 

3.  Multiply  this  amount  by  the  principal,  and  it  will  be  the  amount  of  the  giv 
en  fum  required. 

To  avoid  extracting  very  high  roots,  the  fame  maybe  done  by  logarithms,  thus  : 
Divide  the  logarithm  of  the  rate,  or  amount  of  i/.  fof  i  year,  by  the  denominator 
•fthe  given  aliquot  part,  and  the  quotient  will  be  the  logarithm  of  the  root  fought. 
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nuities,   under  the  rate,  and  againfl  the  given  number  of  years, 
you  will  find  the  power.* 

3.  Multiply  this  power  by  the  principal,  or  given  fum,  and 
the  product  will  be  the  amount  required,  from  which,  if  you 
iubtracl  the  principal,  the  remainder  will  be  the  intereft. 

EXAMPLES. 

i.  \VJist  is  the  compound  intereft  of  6oo/.  for  4  years,  at  6  per 
'in  ? 

g  _  /"amount  of  il.  for  i  year,  at  6  per 

--Itiply  by  Ilo6~~ 


-  CCIiU    er  annum' 


i  .  1  236  n:  sd  power. 
Multiply  by  1,1236 

1,26247696  ~4th  power. 
Multiply  by         6oozr  principal. 

757.48617600  m  amount. 
SublracT:  600 


157,486176  ~£i$>j  gs.  8fd.  rz  intereft  required. 
By    TABLE    I. 

Tabular  amount  of  i /.for  4  years,  at  6  per  cent, per  ann.rz  1,526247651 
Multiply  by  the  principal  zr  600 

Amount  ==  757,4861400 

2.  What  is  the  amount  of  570^.  ip>.  for  12  years,  at  3!  per 
cent,  per  annum  ? 

Anf.£%&2 'is.  aid. 

Another  method  of  working  Compound  Intereft  fcffyearstmontks 
and  days,  which  is  much  more  concife  than  the  preceding  method. 

R  u   L  E. 

To  the  logarithm  of  the  principal,  found  in  any  Table  of  log 
arithms,  add  the  ieveral  logarithms,  anfwering  to  the  number  of 

years, 

*  The  amounts  of  i/.  in  this  Table,  arc  fo  many  powers  of  the  amount  of  il.  for 
1  year,  whofc  indices  arc  denoted  by  the  number  of  years. 

A'cA'.  When  the  given  time  confifts  of  years  and  month'.,  or  years,  month*  an* 
days  ;  fir  (I  feck  the  amount  of  i  /.  in  the  Table  for  years,  then  in  the  Table  of  month* , 
&.c.  multiply  thefe  feveral  amoants  and  the  principal  ccaUriually  together,  and  the 

>du6t  will  be  the  amount  required. 

Thus,  if  the  amount  of  480^.  in  5^  years,  at  6  per  cent,  prr  annum,  were  rcquir- 
c-d  ;  the  amount  of  1 1.  for  5  years  =  ^1,33822,  ditto  for  6'  months  =£1,02956, 
i, 02956X480  =  ^661,2341  Anjkvcr. 
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ye&rs,  months  and  days,  found  in  the  following  tables,  and  their 
fum  will   be  the  logarithm   of  the  amount  for  the   given   time, 
which  being  found  in  any  table  of  logarithms.  t.iie  natural 
foer  correfponding  thereto  will  be  the  aufwer.* 

JLogarithmicTAEL£Sj  at  6  per  Cent,  per  Annum,  for  }  ears,  Months 

and  Days. 


Years. 

dec.  pt.s. 

Y.  \  dcc.pts. 

y.  |  dec.  pfs. 

}'. 

rf'^C.  /Vj.   j  A'OHt.-l.i 

uec.ptt. 

i 

,©25306 

i  i 

,278366 

21 

,5314:6 

31 

,-84586 

1 

,002166 

2 

,050612 

12 

,30367?. 

22 

»556?'3B 

3  2 

9792 

2 

.004321 

3 

.075918 

»3 

,328978 

23 

,582038 

33 

5098 

3 

,006466 

4 

,101224 

14 

i35i*&4 

24 

,607344 

34 

04Q4 

4 

,0086 

5 

»  12653 

•»5 

>37<)69 

25 

f3*65 

35 

188,571 

5 

,0107-24 

6 

,151836 

16 

,404896 

26 

A57956 

3<i 

,911016 

€ 

,012837 

7 

>'77H2 

17 

,430202 

27 

,68326* 

37 

^•?. 

7 

,01494 

8 

,202448 

18 

»4o55o8 

28 

,708568 

SB 

,q6  . 

;  8 

9 

.2*77.54 

.19 

,480814 

29 

•7339/4 

39 

6934 

9 

,019116 

to 

,25306 

20 

,50612 

30 

,75933 

40 

1,  CM  22  4 

10 

,021189 

1  1 

,023^,-i 

Days. 

^'  1 

M 

^. 

!  1>. 

i 

,000071 

8 

,000571 

H 

,000999 

20 

,ooi4z6 

26 

,001852 

2 

,000143 

9 

,000642 

*5 

,00107 

21 

,  co  .49  7 

3? 

,00:923 

3 

,000215 

JO 

,000713 

16 

,001  142 

E2 

,001,568 

28 

,001994 

4 

,0002.87 

ii 

,000785 

17 

.001  2  i  3 

2-3 

,001639  i 

,0020(15, 

5 

,000358 

12 

,000857 

18 

,001284 

9  4 

)'  CM  7  t 

3^ 

,000136 

6 

,000429 

13 

,000928 

'9 

,ooi355 

35 

',001781 

'•31 

,002207 

7 

,0005 

6.  What  is  the  Amount  of  139-/,  iO.c.  at  6  per  cent,  per  annurr? 
for  9  years,  8  months,  and  35  day*  ? 

To  the  log,  of  ^132,5  r=  2.122216 
f  Log.  for   9    ye^rs   ~    ,227754 
Add  <  ditto  for  8  months  n:    ,0170.0:3 
[_  ditto  for   15   days  rz    .00107 


Becaufe  8  months  are  pa  ft',  deduft^ 'cocoo     8 

per  cent,  upon  the  logarithm  of  \  5  days  j  ~~ 

Remains     2,3680302,  the  neareft 

to  which,  in  the  Table  of  logarithms, f,is  2,368101,  and  the  natur 
al  number  anfvvei ing  thereto  is  233.4:21:^233  8>.  Anf. 

CAS'E 

*  Although  there  is  a  fmall  error  in  the  logarithms  for  clays,  yet  they  are  cxaft 
enough  for  common  ufc.  —  And  if  after  the  fir  (I  month  you  deduft  |  per  cent,  for 
each  month  paft  (that  is,  £  per  cent,  after  t  month,  i|  per  cent,  after  3  months, 
&c.)  from  the  logarithm  of  the  number  of  cbys,  it  will  give  the  true  anfwer. 

Note,  That,  after  i  month,  £  per  cent,  on  the  logarithm  of  i  day,  is  ,00000355, 
on  2  days,  is  ,00000715  :  After  2  months,  i  per  cent,  on  the  logarithm  of  i  day, 
is,  ,00000071,  on  2  days,  ,00000143  :  After  10  months,  5  percent,  on  the  loga- 
nthm  for  i  day,  is,  ,0000*355,  on  6  days,  is,  ,00002145,  &c. 
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CASE      II. 

When  the  amount,  rate  and  time,  are  given,  tojind  the  principal, 
RULE. 

Divide  the  amount  by  the  amount  of  il.  for  the  given  time* 
and  the  quotient  will  be  the  principal. 

Or,  If  you  multiply  the  prefent  value  of  i/.  for  the  given  num 
ber  of  years,  at  the  given  rate  per  cent,  by  the  amount,  the  prod 
uct  will  be  the  principal,  or  prefent  worth.* 

"EXAMPLES. 

i.  What  is  the  prefent  worth  of  757^.  9*.  Sfof.due  4  years  hence,' 
difcounting  at  the  rate  of  61.  per  cent,  per  annum  ? 

By   TA  B  L  B     I. 

Divide  by  the  tabular  "1  c       r  ,  oc      •'  /  +c         *  r 

amount  of  J.  for  4  years,)  =  ^^^^S^I^p^OO   Anf. 

By   T  A  B  L  E    II. 

Mult.by  the  prefent  xvorth  of  i£  i  Anwunt=7S7,486i4 
£br4years,at6percent.perann.  3 


2.  What  principal  muft  be  put  to  intereft  6  years,  at  5-J  per 
cent,  per  annum,  to  amount  to  965^.  35.  91^,3616  ?  Anf.  £  "700. 

CASE       III. 

When  the  principal,  rate  and  amount,  are  given,  to  Jind  the  time. 
RULE. 

Divide  the  amount  by  the  principal  ;  then  divide  this  quo 
tient  by  the  amount  of  \L  for  i  year,  this  quotient  by  the  fame  till 
nothing  remain,and  the  number  of  the  divifions  will  fhew  the  time. 

Or,  Divide  the  amount  by  the  principal,  and  the  quotient  will 
be  the  amount  of  il.  for  the  given  time,  which  feek  under  the 
given  rate  in  Table  i,  and,  in  a  line  with  it,  you  will  fee  the  time. 

EXAMPLES. 

i.  In  what  time  will  6ool,  amount  to  757^.  9^.  8|a?.  at  6  per 
cent,  per  annum,  compound  intereft  ? 

D^hpe™a,t}  =  fc.)7S7,4W.76(.,.6.47696  -  quotient 
to  be  divided  by  i,O&  till  it  can  be  had  no  more  ;  or  you  may 
find  it  in  Table  i,  under  6  per  cent,  and  againil  4  years. 

Divide 

*  See  Table  II.  {hewing  the  prefent  value  of  il.  difcounting  at  the  rates  of  4,  4^ 
&c.   per  cent,  the  conftruclion  of  which  is  thus  : 
Amount.  Pref.  worth.  Amourt.      Pref.  worth. 

As  1,06  :  r  :  ;  i  ;  J9433962,  and  fo  on,  for  any  other  rate  per 
cent,  and  time, 
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Divide  by  1506)1,26247696 

1506)1,191016 

Four  divifions  fhew  the  ijo6)i,  1236 

time  to  be  4  years,  •• 

1,06)1,06 

CASE      IV. 

When  the  principal,  amount  and  time,  are  given,  tojind  the  rate  per  cent* 
RULK. — Divide  the  amount  by  the  principal,  and  the  quotient 

will  be  the  amount  of  i/.  for  the  given  time,  then,  extraft  fuch 

root  as  the  time  denotes,  and  that  root  will  be  the  amount  of  il. 

for  i  year,  from  which  fubtraft  unity,  and  the  remainder  will  be 

the  ratio. 
Or,  Having  found  the  amount  of  il.  for  the  time,  as  above  di- 

refted,  look  for  it  in  Table  i,  even  with  the  given  time,  and  di- 

re6tly  over  the  amount  you  will  find  the  ratio. 

EXAMPLE. 
At  what  rate  per  cent,  per  annum  will  6oo/.  amount  to  757/9 

95.  S^d.  in  4  years  ? 

600)757,48614(1,2624769.     Now,  the  time  being  4  years,  the  4th 

root  of  this  quotient  minus  i  will  be  the  ratio. 

,1,26247690(1,123599.4-  and  1,123599(1,05999+  andiso5999 
—  ,l  zz,o6  Anfzuer, 

DISCOUNT  BY  COMPOUND  INTEREST. 

CASE      I.* 

Thefum,  or  debt  to  be  difcounted,  the  time  and  rate,  given^  to  jind  the 
prefent  worth. 

RULE. 

*  Let  m  —  fum  or  debt  to  be  difcounted,  and  the  other  letters  as  before  :  Then 
the  following  Theorems  will  fhew  all  the  cafes  in  Difcount  by  Compound  Intereft* 

171  £  Ifl,  f 

*•  •"-£•=.$+  II.  pr  criw,  III.  -r~r  which  being  continually  divided  by 
r,  till  aothing  remain,  the  number  of  thefe  divifions  will  be  equal  to  t. 

IV.   T~=r  which  being  extracted,  (the  time,  given  in  the  queftion,  mewing  the 

power)  will  be  equal  to  r. 

Note.  Cafe  ad  may  be  wrought  by  Table  i,  thus  :  Find  that  power  of  1 1.  for  i  year, 
denoted  by  the  time  ;  multiply  the  prefent  worth  by  u,  and  the  produft  will  be 
the  anfwer. 

Or,  by  Table  ad,  thus :  Find  the  prefent  worth  of  \l.  for  the  given  time,  by  which 
divide  the  prefent  worth,  and  the  quotient  will  be  the  debt  or  principal. 

Cafe  3d,  thus  :  Divide  the  debt  by  its  prefent  worth,  and  feek  the  quotient  in  Ta 
ble  i,  under  the  given  rate,  and  in  a  line  with  it  you  will  fee  the  time. 

Cafe  ^th  is  wrought  in  the  fame  manner,  only,  feek  the  quotient  in  a  line  whfe 
4he  tims,  it  will  fhew  the  rate  atop. 
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Ru  L«.  —  Divide  the  d-  t  power  of  the  amount  of  tl.  for 

i  year,  demoted  by  the  ti  the  quotient  w:ll  be  the  prefent 

worth,  which,  fubtracted  from  the  debt,  will  leave  the  difeount. 
E  x  A  M  P  L  E  s. 

i.  What  is  the  prefent  worth,  and  difcount,  of  6co/.  due  3 
years  hence,  at  6/.  per  cent,  per  annum,  compound  intereft  ? 

Divide  by  i,obj  —  1,19  to;  5600,00000(503,7741  ±=£503  15*.  <></. 
prefent  worth,and  £600  —  £503  15  sjm/'gro  45.  6^^ 


By   TABLE    II. 

In  this  Table,  correfponding  to  the  time  and  rate, 
we  have  ,-839619:::  prefent  worth  of  il.  for  the  time  and  rate* 
Multiply  by  6co~debt,  or  principal. 

503.  77  i4OO:zr  prefent  worth  of  the  debt. 

2.  What  is  the  prefent  worth  of  3ia/.  ios.  due  2  years  hence,  \ 
at  4!  per  cent,  per  annum,  compound  intereft  ? 


3.  What  ready  money  will  difcharge  a  debt  of  lOooZ).  due  4 
years  hence,  at  5/J,  per  cent,  per  annum,  compound  intereft  ? 

AnJ\  <&&2,D.  ^oc,  s.m, 

ANNUITIES   OR    PENSIONS    IN   ARREARS, 

AT    COMPOUND    INTEREST. 

CASE      I. 

When  the  annuity,  or  penjton,  tlu  time  it  continues,  and  the  rate  per 

cent,  are  given ,  tojind  the  amount. 

RULE*  i. — -Make  i  the  firft  term  of  a  Geometrical  Progreffion, 
and  the  amount  of  i/.  for  i  year  at  the  given  rate  per  cent,  the 
ratio.  2.  Carry 

*  It  is  plain  that  upon  the  firft  year's  annuity  there  will  be  due  fo  many  year's 
compound  intereft,  as  the  given  number  of  years  lefs  i,  and  gradually  one  year  lefst 
upon  every  fucceeding  year,  to  that  preceding  the  laft,  which  has  but  one  year's  in 
tereft,  and  the  laft  bears  none. 

Let  r  =  rate,  or  amount  of  i /.  for  i  year,  then  the  feries  of  amounts  of  i/.  an 
nuity  for  fevcral  years,  from  the  firft  to  the  laft,  is  if  r,  r  ,  r^t  &c.  to  r  — i  ;tnd 

the  fum  of  this,  according  to  the  rule  in  Geometrical  Progreflion,  will  be  rr  a- 

r — i 
mountof  i/.  annuity  f®r  t  years.  And  all  annuities  are  proportional  to  their  amounts; 

t  t 

therefore,  i  :    ?       1    ::  n  ;  ?  ~~*   X  n  =  amount  of  any  given  annuity  «• 

r —  i  r— - 1 

Let  r~  rate,  or  amount  of  il.  for  i  year,  and  the  other  letters  as  before,  then^ 

r*-Iv,  jf.r^±— n 

.  Xw  —  a,  and      (         —  n> 

And  from  thefe  equat;on%  all  thp-  cafes  relating  to  annuities  orpenfionsiaarrearSj 
way  be  conveniently  exhibited  in  logarithmic  terms,  thus,  I.  Lt 
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2.  Carry  the   feries  to  fo  many  terms  as  the  number  of  years, 
and  find  its  fum. 

3.  Multiply  the  Turn,  thus  found,  by  the  given  annuity,  and 
the  product  will  be  the  amount  fought. 

Or,  Multiply  the  amount  of  il.  for  one  year  into  itfelf  fo  ma 
ny  times  as  there  are  years  lefs  by  J  ;  then  multiply  this 
product  by  the  annuity  ;  and  fubtracl  the  annuity  therefrom  ; 
Lafily,  Divide  thef  remainder  by  the  ratio  lefs  i,  and  the  quo 
tient  will  be  the  amount. 

EXAMPLES. 

i.  What  will  an  annuity  of  6o/.  per  annum,  payable  yearly, 
amount  to  in  4  years,  at  6/.  per  cent.  ? 

Firft  Method. 

i  +  ijo6-f<i'jo5|24.i,o6|3zr  4,374616  ==  fum. 

Multiply  by          60  —  annuity. 

£62,476960 
20 


1,8816         Anf.  £262  $s.  &4 
Or,  i4.i,o6+7]o6|2+T^6|1x6oz:£262  91. 


Second 


II.  !.«_ L.rt—  i4-L.r^T=:  L.n 


__  r__1:= 


L.r  n 


which  continually  divided  by  r  till  nothing  remain,  the  number  of  thofe  div;fiona 
will  be  equal  to  t ;  Or,  being  extracted,  (the  given  time  dewing  the  power)  wiU 
be  equal  to  r, 

Qi 


ANNUITIES  •*  PENSIONS  IK  ARREARS 


Secend  Method. 

06—  1,26247 
Multiply  by      60  annuity. 


Subtraft  60 

Bivide  by  1,06—  11-1,06)15,7482(262,47  ir  £"262  g*. 
12 

37 
I5' 
14 

13 

28 
24 

42 
42 


1?o6x  I?o6x  __     a? 

""* 


1,06-,-  i 

0r,   ^y    TABLE     III.* 

Multiply  the  tabular  number  under  the  rate,  and  oppofite  t» 
the  time,  by  the  annuity,  and  tke  produft  will  be  the  amount. 

2.  What  will  an  annuity  of  6o/.  per  annum  amount  to  in    20 
years,  allowing  6/.  per  cent,  compound  intereft  ? 
,  Under  6/.  per  cent,  and  oppofite  20,  in  Table  3d,  you  will  find, 
Tabular  number  zn  36,78559 

Multiply  by  60  zz  annuity, 


2207.13540  z=  £"2207  2s.  %\d,  Anf, 

3.  What  will  a  penfion  of  75^.  per  annum,  payable  yearly,  a- 
aiount  to  in  9  years,  at  5^.  per  cent,  compound  intereft. 

Anf.  ^826  19^.  iodf 

4.  If  a  falary  of  ioo^«  per  annum,  to  be  paid  yearly,  be  forborne 
£  years,  at  6/.  per  cent.  What  is  the  amount  ? 

4"f*£563  *4-r.  arf. 
CASF 

*  Table  3d  is  calculated  thus  :  Take  the  fTrft  year's  amount,  -which  is  s/.  mul 
tiply  it  by  1,06+1  =  2,06  =r  fecond  year's  amount,  \vhich  alfo  multiply  by 
1,06+1  =  3,1836  ==  third  year's  amount,  &c.  and  in  this  manner  proceed  ia  cal 
culating  Tables  at  any  other  rates. 


AT  COMPOUND  INTEREST. 


CASE 


II. 


When  the  amount,  rate  per  cent,  and  time  are  given,  to  find  the  annu* 

ity,  penfion,  &c. 

RULE.  —  Multiply  the  whole  amount  by  the  amount  of  iJ.  for 
*  year,  from  which  fubtracl  the  whole  amount  ;  divide  the  re 
mainder  by  that  power  of  the  amount  of  i/.  for  i  year,  fignified 
by  the  number  of  years,  made  lefs  by  unity,  and  the  quotient  will 
be  the  anfwer. 

EXAMPLES. 

i.  What  annuity,  being  forborne  4  years,  will  amount  t* 
£"262,47696,  at  6/.  per  cent,  compound  interefl  ? 

262,47696  =:  amount. 
Multiply  by    1,06  :rr  amount  of  i/.  for  i  year* 

157486176 
262476960 


278,2255776 
Subtract  262,47696 


15  7486176 


n. 


Subtraa 


67416 
112360 

1,191016 
1,06 

7  i  46096 
11910*60 

1,26247696 


a 

f* 


Divifor  n  ,26247696 

1,06 — 262,47696       c 
— •  •  _          „    "-ZZ  oo» 


1,06X1,06X1,06X1,06—  i 

Or9  By    TABLE     III. 

Divide  the  amount  by  the  tabular  number  under  the  rate,  and 
oppofite  to  the  time,  and  the  quotient  will  be  the  annuity. 

2.  What  annuity,  being  forborne  20  years,  will   amount  to 
jTa  207,  1354,  at  6/.  per  cent,  compound  intcreft  ? 
Tabular  amount  =:  36,78559)22O7,i354o(f  60  Anf. 

2207,1354 


CASE 


30*    ANNUITIES  OR  PENSIONS  IN  ARREARS,  &i. 

CASE      in. 

the  annuity  t  amount  and  ratio  art  givent  to  find  the  time. 


RULE.—  Multiply  the  amount  by  the  ratio,  to  tliisproduft  add 
the  annuity,  and  from  the  fum  fub'traft  the  amount  ;  this  re* 
ier  being  divided  by  the  annuity,  the  quotient  will  be  that 
power  of  the  ratio  fignified  by  the  time,  which  being  divided  by 
the  amount  of  il.  for  i  year,  and  this  quotient  by  the"  fame,  till 
nothing  remain,  the  number  of  thofe  diviiions  will  be  equal  to 
the  time.  Or,  look  for  this  number  under  the  given  rate'  in  Ta 
ble  i.  and,  in  a  line  with  it,  you  will  fee  the  time. 

E    X   A    M  -P    L    E    S. 

t,  In  what  time  will  6ol.  per  annum,  payable  yearly,  amount 
to  £^262,  47696,  allowing  6/.  per  cent,  compound  intereft,  for  the 
forbearance  of  payment  ? 

262,47696  zz  amount, 
Multiply  by  i5o6  —  ratio. 

157486176 
262476960 

278,2255776 
Add     60  m  annuity, 

n  333,2255776 
Subtract  262,47696 

Divide  by  60)75,7486176 

Divide  by  1,06)1,26247696 

Divide  by  1,06)1,191016 

Divide  by  1,06)  r,  1236 

Divide  by  1,06)1,06 


The  number  of  divifions  by  1,06,  being  4,  gives  the  number 
of  years  zr  4  the  anfwer. 

Or,  In  Table  i.  under  the  given  rate,  you  will  find  1,262476, 
and  in  a  line,  under  years,  you  will  find  4. 

2.  In  what  time  will  an  annuity  of  6ol.  payable  yearly,  amount 
to  £'^207,1354,  allowing  6/.  per  cent,  for  the  forbearance  of  pay- 
?  Anf.  20  years. 

PRESENT 


PRESENT  WORTH  OF  ANNUITIES,  &c.          go^ 

PRESENT    WORTH    OF    AN  N  U  1  T  I  E  S,   &c.  AT 
COMPOUND    I  N  T  E  R  E  S  T. 

CASE       I. 

When  the  annuity,  &c.  rate  and  time  an  given,  tof  'orth. 

RULE*  i.  —  Divide  the  annuity  by  the  ratio,  or  the  amount  of 
i/.  for  i  year,  and  the  quotient  will  be  the  prefent  worth  of  i 
year's  annuity. 

2.  Divide  the  annuity  by  the  fquare  of  the  ratio,  and  the  quo 
tient  will  be  the  prefent  worth  for  two  years. 

3.  In  like  manner,  find  the  prefent  worth  of  each  year  by  it- 
felf,  and  the  fum  of  all  thefe  will  be  the  prefent  value  of  the  an 
nuity,  fought. 

Or,  Divide  the  annuity,  &c.  by  that  power  of  the  ratio  fignifi- 
cd  by  the  number  of  years,  and  fubtraft  the  quotient  from  this 
annuity  :  This  remainder  being  divided  by  the  ratio  lefs  i,  ths 
quotient,  will  be  the  prefent  worth. 

E>:AMP  LES. 

*  Thereafon  of  this  rule  is  evident  from  the  nature  of  the  queftion,  arid  what  was 
&id  upon  the  fame  fubjeft  in  the  purchafmg  of  annuities  by  fun  pie  iutereft. 

Let  p  =  prefent  worth  of  the  annuity,  and  the  other  letters  as  before  :  Then, 


And  from  thefe  Theorems,  all  the  cafes,  where  the  purch-afe  of  annuities  Is  con 
cerned,  maybe  exhibited  in  logarithmic  terms,  as  follows  -. 


I.  Z.«+£.i  —I  --  I.r-t  =  L.p. 


III. rr  r*  which  beirag  continually  divided  by  r  till  nothing  remain, 

p-\-n—-pr 
the  number  of  thofe  divifioiis  will  be  equal  to  t. 

Let  £ cxprefs  the  number  of  half  years,  or  quarters,  n  the  half  years,  or  quarter's 
payment,  and  r  the  fum  of  i/.  and  -A- or  $  year's  intereft,  then  all  the  preceding  rules 
will  be  applicable  to  half  yearly,  and  quarterly  payments,  the  fame  as'  to  whole  years. 

The  amount  of  an  annuity  may  alfo  be  found  for  years  and  pans  of  a  year,  thui  : 

i,  Find  the  amount  for  the  whole  years,  as  before. 

a.  Find  the  intcreft  of  that  amount  for  the  given  parts  of  a  year. 

3.  Add  this  intereft  to  the  former  account,  and  it  will  give  the  whole  amount  re 
quired. 

The  prefent  worth  of  an  annuity  for  years  and  parts  of  a  year  ma,y  be  found  thus  : 

1.  Find  the  prefent  worth  for  the  whole  years,  as  before. 

2,  Find  the  prefent  worth  of  this  prefent  worth,  difcounting  for  the  given  parts 
•••  •     ~ar,  and  it  will  be  the  whole  prefeat  worth  required. 


3:0  PRESENT  WORTH  or  ANNUITIES 


X   A    M    P     I. 


i.*  What  ready  money  will  purchafe  an  amuity  of  6o/.  td 
continue  4  years,  at  6/.  per  cent,  compound  intereft. 

Firft  Method. 
1,06)60,00000(56,603  rr  prefent  worthfor  i  year, 

—         1>l236)6oJooooo(53?399zzdo.  for  2  years. 

Ratio|4  =     i5»91oi6)6o;ooooo(5o!377±rdo.  for  3  years. 
Ratio)   =1,26247696)60,00000(47,525 rzrdo.  for  4  years. 

207,904  =2  £'207  i8j.  o±d.  A*f* 

Second  Method. 
4th  power  of  "I 

the  ratio      /  —  1'26247696)6ojooooooo(47}525 

From  Go  60 

Subtraft  47,525  '  "^j4^47'525  6°— 47,525=Ja»475 


2  07,9  i6frz:/*  207  18 
By   TABLE    III. 

Under  6/.  per  cent,  and  oppofite  4,  \ve  find 

4,37461  zz:  amount  of  i/.  annuity  for  4  years, 
Multiply  by         60  rr  annuity. 

262,47660  rr  amount  of  6o/,  for'  4  years. 
Then,  oppofite  4  years,  and  under  61.  per  cent,  in  Table  ad, 

We  have    ,79^093 
Multiply  by  262,7466 


475*658 

3168372 

554465  « 

1584186 

4752,55s 
15^4,86 


208,11^7426338=^208  2.r.   4!^. 

Or,  Oppofite  4  years,  end  under  61.  per  cent,  in  Table  ift,  we 
have  1.26247  zr  the  amount  of  i/.  for  4  years  : 

27/e«,  262,74.66-^-  1,26247  7—  208,1209  zr  £~2C8  2^.  5^.  ^w/I 

-^ 

*  Queftions  in  this  Cafe  may  alfo  be  anfwt  nnding  the  amount  of  the 

given  annuity  by  Cafe  :.  ot  Annuities  in  Arrcv  i,  and   then  the  preissc 

worth,  or  prine-^pa),  by  Cafe  2.  of  Compound  ii;  302. 
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By   TABLE    IV.* 

Multiply  the  tabular  number,  under  the  rate,  and  oppofite  the 

lime,  into  the  annuity,  and  the  produft  will  be  the  prefent  worth. 

Thus,  in  Example  ift,  What  ready  money  will  purchafe  6o/. 

annuity,  to  continue  4  years,  at  61.  per  cent,  compound  intereft  ? 

Under  61,  per  cent,  and  even  with  4  years', 

We  have  3,4651  rz  prefent  worth  i/.  for  4  years. 
Multiply  by         60  rz  annuity. 

Anf. ' — •  207,9060  zr  £%Oj  18.*.  i*d. 

2.  What  is  the  prefent  worth  of  an  annuity  cf  6o/.  per  annum^ 
to  continue  £0  years,  at  61.  per  cent,  compound  intereft  ? 

-4n/.  £688  3s.  iojrf. 
CASE       II. 

Whtn  thtprefent  zcorthjimeandratearegivcnjofind  the  annuity '9rent9(3c* 
RULE  i.— From  that  power  of  the  ratio,  denoted  by  the  num 
ber  of  years  plus   i,  fubtraft  that  power  of  it,  denoted  by  the 
number  of  years. 

2.  Divide  the  remainder  by  that  power  of  the  ratio,  fignified 
by  the  time  made  lefs  by  unity. 

3.  Multiply  the  prefent  worth  into  this  quotient,  and  the  prod- 
u£l  will  be  the  annuity,  penlion,  rent,  &c. 

Or,  i.  Multiply  that  power  of  the  ratio,  denoted  by  the  num 
ber  of  years  plus  i,  by  the  prefent  worth. 

2.  Multiply  that  power  of  the  ratio,  denoted  by  the  time,  by 
the  prefent  worth,  and  fubtra£l  this  produ£t  from  the  former. 

3.  Divide  the  remainder  by  that  power  of  the  ratio,  denoted 
by  the  time  made  lefs  by  unity,  and  the  quotient  will  be  the  annuity. 

EXAMPLES. 

i.  What  annuity,  to  continue  4  years,  will  £'207, 904  purchafe, 
compound  interell:.  at  6/.  per  cent.  ? 

Fir/I  Method. 

From  i,o.6x  i5c6x  J;c6X  i,o6x  i;o6  —  1,3382255776 
S\ibt.  I5o6xi,o6x  i,o6x  1,06  —  1.26247696 


JDiv.  by  i,o6|  — i  =  ,26247696),o757486i76(s288,589S 

,2885898 
Multiply  by     207.9  prefsat  worth. 

25973082 
20201286 

57  7 1 7060^ 

Second 

*  Table  ^th  is  thus  made  :  Divide  ilt  by  1,06  rr  «Q4339  the  prefent  worth  of 
the  f;r it  year,  which,  divided  by  J,c6,  is  equal  :o  ,88999,  which,  added  to  the  firft 
year's  pfelent  worth,  is  ~  1,83339,  the  fecond  year's  prefent  wonh,  then  .88999 
divided  by  1,06,  and  the  quotient  added  to  1J83339J  gives  2,6701  for  the  thirel 
year's  prefect  worth,  &c. 


T  WOimi  OF  ANNUITIES,  (1 

ond  Method. 


From  i,o6Xi-,c6Xi.r6Xi»cCxt3o6X207,9  =278,217097573 
Iske  *,o6Xtjc6Xi>o6.Xi,c6X  ~  262,468959984. 

Divide  by  7^6\  —  i  =,26247696)15,748137589(59,998  =  £&* 
By    TABLE    V.* 

Multiply  the  tabular  number,  corrcfponding  with  the  rate 
and  time,  by  the  purchafe  money,  and  the  produft  will  be  the 
annuity. 

Under  61.  per  cent,  and  oppofite  4  years,  you  will  find 

,28859—  annuity  which  il.  will  purchafe  in  4  years, 
Mult,  by    207,9 


202013 
577180 


59,997861  zr/*6o. 

2.  What  Talary,  to  continue  20  years,  will.  6881.  gj.  lOj^.  pur 
chafe,  at  6/,  per  cent,  compound  intereft  ?  Anf.  £60. 

CASE       III. 

When  the  annuity ,  prefent  zvorth,  and  ratio  arc  given,  tojind  the  time, 

RULE. 

Divide  the  annuity  by  the  product  of  the  prefent  worth  and 
ratio  fubtra&ed  from  the  fum  of  the  prefent  worth  and  annuity, 
and  the  quotient  will  be  that  power  of  the  ratio,  denoted  by  the 
number  of  years,  which  being  divided  by  the  ratio,  and  this  quo 
tient  by  the  fame,  till  nothing  remain,  the  number  of  divifions 
will  fhew  the  time  :  Or,  the  above  quotient  being  fought  in  Ta 
ble  iftj  under  the  given  rate,  in  a  line  with  it,  you  will  fee  the 
time. 

EXAMPLES. 

i.  For  how  long  mav  an  annuity  of  6o/.  per  annum  be  pur- 
chafed  for  £207, 906336762,  at  kl.  per  cent,  compound  intereft  ? 

Multiply 

*  Table  5th  is  rnade  in  this  manner  :  Divide  i/.  by  the  prefent  worth  of  I/. for  I 
year,  and  the  quotient  will  be  ihe  annuity,  which  if.  will  purchafe  for  I  year  ;  di 
vide  i/.  by  the  prefent  worth  of  it.  for  2  years,  and,  tke  quotient  will  be  the  annuif 
ty,  which  i/.  will  purchafe  for  2  years,  &c, 


ANNUITIES,  &c.  IN  REVERSION.  3*3 

Multiply  207,906336762          To  207,906336762  zr  prefent  worth. 
by  1,06         Add  60  zz  annuity. 

1247438020572      From  267,906336762 
2079063367620        Subt.  220,380716967 

220,38071696772  47?  5  256  1  9795  =  diviibr* 

47,525619795)60,000000000(1,26247696 
Divide  by  1,06)1,26247696 

1,06)1,191016 
1,06)1,1236 

1,06)1,06 

"""""  C  The  number  of  divifions 
I  zz  time  zz  4  years. 

ZZ  1,26247636, 


.  . 

207,906336762-1-60  —  207,90033(3762  x  1.06 
which  being  fought  in  Table  i*  under  the  given  rate,  in  a  line 
with  it,  is  4  zz  4  years. 

2.  How  long  may  a  leafe  of  75^.  yearly  rent  be  had  for  533^ 
is.  8f^.  allowing  5/,  per  cent,  compound  intereft,  to  the  pur- 
chafer  ?  Anf.  9  years. 

ANNUITIES,   LEASES,   &c.   TAKEN    IN   REVERSION   AT 

COMPOUND  INTEREST. 

CASE       I. 

When  ths  annuity,  time  and  ratio  are  given,  to  Jind  the  prcfent  worth 

of  the  annuity  in  reverjion. 

RULE*  i.—  Divide  the  annuity  by  that  power  of  the  ratia  de 
noted  by  the  time  of  its  continuance. 

2.  Subtract  this  quotient  from  the  annuity  ;  divide  the  re 
mainder  by  the  ratio  lefs  i,  and  the  quotient  will  be  the  prefent 
worth,  to  commence  immediately. 

3.  Divide  this  quotient  by  that  powder  of  the  ratio  denoted  by 
the  time  of  reverfion,  (or,  time  to  corrie,  before  the  annuity  com 

mences) 

*  Let  v  denote  the  time  in  reverfion,  and  the  other  letters  as  before.  Then,  UMS 
two  cafes  under  this  rule  will  be  expreffed  by  the  following  Theorems. 

I.  n  —  JL  =  ^.     Then  change  p  into  mt  and  —  ±s  p. 

II.  pr°  —  «f»    Change  m  into  p9  and^—  -  —  =;  n, 

rt  —  t 

*.    n.  r^*1**'**:^. 

r<~"1 
Rr  / 
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mences)  and  the  quotient  will  be  the  prefent  worrh  of  the  annu* 
ity  in  reverfion. 

Or,  i.  Multiply  the  annuity  by  that  power  of  the  ratio  denoted 
by  the  time  of  its  continuance,  minus  unity,  for  a  dividend. 

2.  Multiply  that  power  of  the  ratio  denoted  by  the  time  of 
its  continuance,  that  power  of  it  denoted  by  the  time  of  rever- 
iion,  and  the  ratio  lefs  i,  continually  together  for  a  divifor,  and 
the  quotient  arifing  from  the  divifion  of  thefe  two  numbers  \vili 
be  the  prefent  worth  of  the  annuity  in  reverfion. 

EXAMPLES. 

i.  What  is  the  prefent  worth  of  6o/.  payable  yearly,  for  4 
years  ;  but  not  to  commence  till  2  years  hence  at  6>/.  per  cent.  ? 

Firjl  Method. 

Ratio  =  1,06  Or,  In  Table  4th,  find  the  prefent  value  of  il. 

1,06         at  the  given  rate,  both  for  the  time  in  being  and 
—  •    •          the  time  in  reverfion  added  together,  and  fubtraft 
636         the  prefent  worth  of  the  time  in  being  from  the 
1060  other,  multiply  the  remainder  by  the  annuity,  and 

.,  the  product  will  be  the  anfwer. 

ad  power  =  1,1236 

1,3236     Pref.  worth  ofthetimeinbeing££reverfion=:4,9i732 
Prcf.  worth  of  the  time  in  being  =1,8333 
67416  • 

33708  3>°84°2 

22472  60 

11236  " 

11236  «  £185,  0412* 

Piv.by4tripow.==i  ,26247696)60,0000000(47,525621378467 

Subtract  the  quotients  47,5-25621378467 
Divide  by  1,06—  i  =,06)12,474378621533 


Divideby  1,06X^06=  I,i236)p.o7,9o63io3588(i85,035876=:f  185  oj.8^  the 
prefent  worth  of  the  annuity  in  reveiiion, 

60  60—47.5256 

*"  I^^  =  47'5256  "a"  ~  2°  ™°6' 

^^'=-,035876 

Second  Method, 
,26247696  rr  4th  p^ower-—i 
Multiply  by          6o  =  ann^r. 

15,74861  760=  dividend,          ,08511115)15,74861760(185,036  Anf. 
1,26747696  =  4th  power. 
=  2d  power. 


757486176 

378743088  i,c6|4_  1X60 

25249S392       Or,^__  —  =^72  — 
126247696          i,o6l  X^o^l  X^ 
126247696 
1,41851911*256 

,c6  rr  ratio  —  i 


3iQ8$u  114673536  r=;divifor. 


AT  COMPOUND  INTEREST. 

2.  What  is  the  prefent  worth  of  a  reveruon  of  a  leafe  of  6ol. 
per  annum,  to  continue  20  years,  but  not  to  commence  till  the 
end  of  8  years,  allowing  61.  per  cent,  to  the  purchafer  ? 


An  annuity ,Jeveral  times  in  revcrjicn,  and  rate  being  given,  tofaid  iht 
Jeveral  preftnt  values. 

Find  the  prefent  value  of  il.  per  Table  4.  at  the  given  rate, 
arid  for  the  feverai  given  times,  which  being  feverally  multiplied 
by  the  annuity,  the  products  will  be  the  feverai  prefent  values 
of  that  annuity,  for  the  feverai  times  given  ;  fubtract  the  feverai 
prefent  values,  the  one  from  the  other,  and  the  feverai  remain 
ders  will  anfwer  the  queflion. 

3.  A  has  a  term  of  6  years  in  an  eftate  of  6o/.  per  annum.     B 
has  a  term  of  14  years  in  the  fame  eftate,  in  reverfion,  after  the 
6  years  are  expired  ;  and  G  hath  a  further  term  of  16  years,  af 
ter  the  expiration  of  20  years.     1  demand  the  prefent  values  of 
the  feverai  terms,  at  6  per  cent.  ? 

£.  s.     d. 

Pref.val.of  i 1. for 36 years  11:1456172 2x60—877  o    7^ 
Ditto  of  ditto  for  20  *z:  1 1.46  09  2x60—688  3  lOf 

Ditto  of  ditto  for  6  in  4,91732x^02^2950  9|zrAysterm. 
Therefore.  877  o  7! — 688  3  lO^m/iSS  16  9  C's  term,  and 
638  3  10-1—295  °  9l~£393  3  i|=B'sterm. 

4.  For  a  leafe  of  certain  profits   for  7  years,  A  offers  to   pay 
300^.  gratuity,  and  300^.  per  annum,  B  offers   8oo/.  gratuity  and 
250^.  per  annum,  C  bids  13OO/.  gratuity  and  200^.  per  annum,  and 
D  bids  25OO/.  for  the  whole  purchafe,  without  any  yearly  rent  ; 
which  is  the  beft  offer,  computing  at  6  per  cent.  ? 

By  Table  4.  the  prefent  worth  of  goo/,  per  "I     J*  * 
annum,  for  7  years,  at  6  per  cent,  is          J       '^J ' 

To  which  add    300 

Value  of  A's  offer  n:  1974,714 


Prefent  worth  of  250^.  per  annum,  for  7  years  =n  \  395,595 

To  which  add    800 


Value  of  B's  offer  rr  2195.595 

Prefent  worth  of  £CC/.  per  annum  for  7  years  nr  11 16.476 

To  which  add  1300 


Value  of  C's  offer  zz  2416,476 

D's  offer  =  2500 
Hence  it  appears  that  D's  offer  is  the  beft* 

Tr 


Si6  ANNUITIES,  &c.  i»  REVERSION 

The  above  questions  may  be  anftvered  by  the  ^th  and  %d  Tables* 
Take  queftion  ijt  for  Ex  ample. 

1.  Multiply  the  tabular  number  in  Table  4,  correfponding  to 
the  rate  and  the  time  of  continuance,  into  the  annuity,  and  the 
product  will  be  the  prefent  worth,  to  commence  immediately. 

2.  Multiply  this  prefent  worth  by  the  tabular  number  in  Ta 
ble  2.  correfponding  to  the   rate  and  the  time  of  reverfion,  and 
the  product  will  be  the  prefent  worth  of  the  annuity  in  rever 
fion. 

In  Table  4th  we  have  3,4651 

Multiply  by         60  rr  annuity, 

207.9060 
In  Table  2d  we  have  ,889996 

1247436 
1871154 
1871154 
1871^4 
1663248 
1663248 

185,035508376  zr  pref.  worth  of  the  reverf, 
CASE.      II. 

When  the  prejeni  worth  of  the  revcrfion,  rate  and  time  are  given,  to  find 

the  annuity. 

RULE  i. — Multiply  that  power  of  the  ratio  fignified  by  the 
time  of  reverfion,  by  the  prefent  worth,  and  the  product  will  be 
the  amount  of  the  prefent  worth  for  the  time  before  the  annuity 
commences, 

2.  Multiply  that  power  of  the  ratio  fignified  by  the  time  of 
continuance  plus  i  by  the  laft  product. 

3.  Multiply  that  power  of  the  ratio,  fignified  by  the  time,  by 
the  aforefaid  product,  and  this  laft  produft,  divided  by  that  pow 
er  of  the  ratio  denoted  by  the  time,  minus  unity,  will  give  th« 
annuity. 

Or,  Divide  the  continual  product  of  the  prefent  worth,  that 
power  of  the  ratio  denoted  by  the  time  of  continuance,  that  pow 
er  of  it  denoted  by  the  time  of  reverfion,  and  the  ratio  minus  i, 
by  that  power  of  the  ratio  denoted  by  the  time  of  continuance 
minus  i,  and  the  quotient  will  be  the  annuity. 
EXAMPLES. 

i.  What  annuity,  to  be  entered  upon  2  years  hence,  and  then 
to  continue  4  yearSj  maybe  purchafed  for  £185,015876,  at  61. 
per  cent,  ? 

\  Fir  ft 


AT  COMPOUND  INTEREST. 

Firft  Method. 

_, ,06=  1,1236  rrr  «d  power  of  the  ratio. 

Multiply  by  185,036  =  prefent  worth. 


207,9064496  amount  for  the  time  of  reverfioc. 

Multiply  by  1,33822^  =  $th  power  of  the  ratio. 

415812  4th  power  of  the  ratio  sr:  1,26247 

415812  Multiply  by  207.906 

1663^48  '• 

623718  757483 

623718  1136^230 

207906  883729 

From  278,22396732  8524940 

Take  262,47508782  262,4750878* 

Pividcby  i,o6J4— i   =  ,26247)15,74^87950(60  the  annaity  required. 

1236  r=  207,906 


Then,        . 

1,26247-! 

Second  Method. 

185,036  =  prefent  worth  of  the  reverfion. 
1,26247  s:  4th  power  of  the  ratio. 

1295252 

740144  Or  by  Table  4th,  divide  the  prefent 

370072  worth  of  the  reverfion  by  thedifFer- 

1110216  ence  between  the  prefent  worth  of  iL 

37°°73  ^or  tne  ti1116  both  in  being  and  rever- 

185036  fion,  and  the  time  in  being  arid  the 

.  .  .!•  quotient  will  be  the  annuity, 

233,6024 

1,1236  r=  ad  power  of  the  ratio. 


14016144. 

7008072 
4672048 

2336024 
2336024 

4,9*732 
1,8333 

3,08402)185,0412(60 

m  ratio  —  i. 

An/. 

262,47565664 

,06 

a,o6|4— i  r=  ,26247)15,7485393984(60. 

Or    185,036X1,26247X1,1236X1,06—1 

»  "  '    ' '— "--r  =r  60. 

1,26247—1 

2.  The  prefent  worth  of  a  leafe  of  an  houfe  is.  431^.  15^.  7^. 
2,7819  qrs.  taken  in  reveriion  for  20  years  ;  but  not  to  commence 
till  the  end  of  8  years,  allowing  6/,  per  cent,  to  the  purchafer  ; 
What  is  the  vearly  rent  ?  AnJ.  £60. 

PURCHASING 


Si8        PURCHASING  ANNUITIES  FOREVER,  OR 

PURCHASING  ANNUITIES  FOREVER,   or  FREEHOLD 
ESTATES,  a*  COMPOUND  INTEREST. 

CASE         I.  - 

When  the  annuity  ,  or  yea-  -rnd  the  rate  are  given,  to  Jind  the 

.  or  price. 

RULE.*  —  As  the  rate  per  cent,  is  to  iOO/.  ;  fo  is  the  yearly  rent, 
to  the  value  required. 

Or,  Divide  the  yearly  rent  by  the  ratio  lefs  i,  and  the  quotient 
will  be  the  value  require'.!. 

EXAMPLES. 

1,  What  is   the  worth  of  a  freehold  eflate  of  6o/.  per  annum, 
allowing  f/.  per  cent,  to  the  purchafer  ? 

£•    £-      £• 

6  :  ico  ::  Oo  £>r,  1,06  —  izzjo6)6o,oo 

60  —  — 

1000 

6)6000 

£\coo  Anf. 

2.  An  eftate  brings  in  yearly,  75^  ;  What  would  it  fell  for,  al 
lowing  the  purchaser  £/.  per  cent,  compound  intereft  ? 


CAS     E         II. 

When  the  price,  or  prejent  wortk^  and  rate,  are  given,  to  Jind  ths  annu 

ity  ,  or  yearly  rent. 

RULE.—  As  too/,  it.   to  the  rate,  fo  is  the  prefent  worth  to  its 
rent. 

6V,  Multiply  the  prcfent  worth  by  the   ratio  lefs  I,   and  ths 
produtl  will  be  the  yearly  rent. 

K  x  A   M    i»    L    E   s. 

i.  If  a   freehold  •  bought  for   lOOO'.  allowing  6/.  per 

cent,  to  tlir-  |)iirc!i-i;ur  ;   Vv'hat  is  the  yearly  rent  ? 

£•  £•     i- 

Jco  :  6  :  :   1000 

6 


a.   1 


o 

*  The  rcafon  of  r:rs  r 

is  given  for  niacu  < 

than  of  the  . 

The  rol;-.. 

w 
I. ~  , 
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2.  If  an  eftate  be  fold  for  1500^.  and  5  per  cent,  allowed  to  the 
buyer  ;  What  is  the  yearly  rent  ?  Anf.  £j§. 

CASE         III. 
When  the  prefent  worth^  or  price,  and  yearly  rent  art  given,  to  find  tfic. 

rate. 

RULE. — Astheprefent  worth  is  to  the  rent  ;fo  is  lOO/.to  the  rate. 
Or9  Divide  the  rent  by  the  prefent  worth  ;  add  i  to  the  quo 
tient,  and  the  fum  will  be  the  ratio  of  the  rate  per  cent. 

Or,  Divide  the  fum  of  the  prefent  worth  and  rent  by  the  pref- 
cnt  worth,  and  the  quotient  will  be  the  ratio. 
EXAMPLES. 

1.  If  an  eftate  of  6ol.  per  annum  be  bought  for  iOOo£  ;  What 
rate  of  intereft  was  allowed  the  purchafer  for  his  money, 

£•     £•      £• 

1000  :  oo  :  :  100  Or9  1000)60,00(506+111:1506 

ico  60  oo 

icoo)6ooo(£6  Anf. 

6000  Or,  to  1000  =  prefent  worth, 

Add     60  rz  rent. 

1000)1060(1,06 

1COO 

6000 
6000 

2.  An  eftate  of  75^.  per  annum  was  purchafed  for  15OO/.  ; 
What  rate  of  intereft  had  the  buyer  for  his  money  ?        Anf.  £'5. 

Tojind  at  how  many  year's  purchaje  an. eftate  may  be  bought. 

CASE         I. 

When  the  rate  of  intereft  is  given,  to  find  the  number  of  years. 
RULE. — Divide  100^.  by  the  rate,  and  the  quotient  will  be  the 

years'  EXAMPLES. 

1.  How  many  years'  purchafe  fhould  a  gentleman  offer  for  the 
purchafe  of  an  eftate,  to  have  61.  per  cent,  for  his  money  ? 

6)100 

16,6664"=  i6|-  years. 

2.  How  many  years'  purchafe  is  an  efta>e  worth,  allowing  £/» 
per  cent,  to  the  purchafer  ?  Anf.  20  years. 

CASE         II. 
When  the  number  of  year's  purchafe,  at  which  an  eftate  is  bought,  or 

Jold,  is  given,  to  find  the  rate  of  intereft. 

RULE.  —  Divide  ioo/.  by  the  number  of  years;  and  the  quotient 
will  be  the  rate. 

EXAMPLES, 


320  PURCHASING  FREEHOLD  ESTATES 

EXAMPLES. 

1.  A  gentleman  gives   16^  years'  purchafe  for  a  farm  ;  Wrhat 
kitereft  is  he  allowed  ? 

i6-|=r:  16,6664-) ioo,o®o(£6  Anf. 

2.  A  gentleman  gives  20  years'  purchafe^for  an  eftate  ;  What 
intereft  has  he  ?  An/.  £5. 

PURCHASING  FREEHOLD  ESTATES  IN  REVERSION. 
CASE        I. 

The  rate  and  rent  of  a  freehold  eftate  being  given,  to  find  the  prefent 
worth  of  reverfion. 

RULE  i.* — Find  the  prefent  worth  of  the  annuity  or  rent,  (by 
Cafe  i.  of  purchafing  Freehold  Eftates,  page  318,),  as  though  it 
were  to  be  entered  on  immediately. 

2.  Divide  the  laft  prefent  worth .  by  that  power  of  the  ratio 
denoted  by  the  time  of  reverfion  (by  Cafe  i.  of  Difcount  by 
Compound  Intereft)  and  the  quotient  will  be  the  anfwer  required. 

Or9  i.  Having  found  the  prefent  value  of  the  eftate,  fuppofing 
it  to  be  immediate  :  Multiply  the  annuity,  or  rent,  by  tfie  pref 
ent  worth  of  il.  correfponding  with  the  time  of  reverSjpn  and 
rate  in  Table  4th,  and  the  produtl  will  be  the  prefer^  worth 
of  the  annuity  or  rent,  for  the  time  of  reverfion  ;  or  the  value 
of  the  prefent  poffeffion. 

2.  Subtraft  the  value  of  the  poiTeflion  from  the  value  of  the 
eftate,  and  the  remainder  will  be  the  value  of  reverfion. 

EXAMPLES. 

i.  Suppofe  a  freehold  eftate  of  6o/.  per  annum  to  commence  2 
years  hence,  be  put  up  to  fale  ;  What  is  its  value,  allowing  the 
purchafer  61.  per  cent.  ? 

Firft  Method. 
I}o6 — i  zr  ,06)60,00  zn  rent  per  annum. 

i  ooo  —  prefent  worth,  if  entered  on  immediately. 

i,o6|  nr  1,1236)1000,000(889,996  zr  £ 889  xgr.   nd.  zr  prefent 
worth  of  looo/.for  2  years,  or  the  whole  prefent  worth  required. 

Second 

*  The  following  Theorems  exprefs  all  the  Cafes  under  thisxrule. 
n  fjft 

I.  ~;^~  —  p >  then  change^  into  mt  and  ~—  :r:/>. 

II.  /-r  =:  m  ;  then  change  m  into  pt  arid  •" '       "  =  »- 


IN     REVERSION.  3?i 

Second  Method. 
1,06— i  ~  ,06)60,00 

1000  ~  prefent  worth,  for  immediate  pofTefllon. 
In  Table  4th  we  have,  1,83339  ~  value  of  il.  for  2  years. 

Multiply  by          60  nz  rent. 

1 10,00340  nr  value  of  pofleflion. 
From  1000,0000 
Subtraft     110,0034 


889,9966  rr  value  required. 

2.  Suppofe  an  eflate  of  75^.  per  annum,  to  commence  10  years 
hence,  were  to  be  fold,  allowing^  the  purchafer  5^.  per  cent.  ; 
What  is  its  worth  ?  Anj.  ^920  17^.  5^. 

CASE         II.   . 

The  Value  of  a  Reverfion,  the  Time  prior  to  its  Commencement^  and 
Rate  of  Inter  eft  given,  to  find  the  Annuity  or  Rent. 

RULE  i. — Multiply  the  price  of  the  reveriion  by  that  power 
of  the  amount  of  i/.  for  i  year,  denoted  by  the  time  of  reverfion, 
and  the  product  will  be  its  amount  (by  Cafe  i,  of  Compound  in- 
tereft.) 

2.  Find  the  intereft  of  the  amount  (by  Cafe  ift,  Simple  Inte- 
reft)  and  it  will  be  the  annuity,  or  yearly  rent. 

EXAMPLES. 

l.  A  freehold  eftate  is  bought  for  £"889,9966  which  does  not 
commence  till  the  end  of  2  years  ;  the  buyer  being  allowed  6/. 
per  cent,  for  his  money  ;  1  defire  to  know  the  yearly  income  ? 

889,9966  —  price  of  the  reverfion. 

Multiply  by  i,o6|2zzi,i236  denoted  by  the  time  of  reverfion. 

5339979^ 
26699898 

17799933 
8899966 
8899966 


1000,00017976  zr  amount  of  the  reverfion. 
,06 

—  ^ 

Anf.  ^60.00 

2.   If  a  freehold  eftate,  t©  commence  10  years  hence,  be  fyld 

for  £"920  17^.  5^.  allowing  the  purchafer  £/.  per  cent.  ;  What  is 

the  yearly  income  ?  AnJ.  £l§- 

Sf  TABL» 


TABLED. 
TABLE  I.  Shewing  the,  amount  *>j £ \jrow  i  year  to  50. 


\s  . 

3  tor  cent.  |3^-  percent,  (4  /?cr  ccnf.  [^percent.  |  5  percent.  \£,%  per  cent    \  Spercent.'^ 

3 
5 

1  3  0300000 
1,0609000 
1,0927270 
1,1  255088 
.,1592740 

1,0350000 

1,071  2250 

1,1087178 
1,1475270 
1,1876863 

1,040000® 
i,  1816000 
1,1248640 
1,1698585 
1,2166529 

1,0450000 
1,09*0250 
1,141  l66l 
1,1925186 
1,2461819 

1,O5OOOOO 
I,I025OOO 
1,1576750 
I,2I55C62 
1,2762815 

u,  05  50000 
1,1130250 
1,1742413 
1,2388245 
1.3069598 

0600000 
,1276000 
,1910160 
,2624796 
,3382256 

6 

7 

9 

1  r- 

1,2298738 
1,2667700 

1>3°47731 
i  ,34301  6.9 

1,3168090 
1,36=8973 
1,4105987 

1,368569: 
t,  4?33«i8 

1,4802842 

•S5394540 
1,6010322 

1,6650735 

1,8009435 

1  .3022601 
1,3608618 
1,4221006 
1,4860051 

',  55  29694 

1,3400956 
1,4071004 

1,4774554 
1*6288946 

1,3788426 

1,5346862 
1,6190939 

1,7081440 

,4185191 
,5036302 
,5938480 
-68v.t789 
.7908476 

1  1 

i  2 
13 

M 
16 

t8 

19 

1,4257608 
1,5125897 

1,5110686 
',5639560 

1,6186945 

1,6753488 

1,6228530 
1,6958814 

1,7721961 
1,935-2824 

1,7958563 
1^8856491 
1.9799316 

2  0789281 

1,8020919 
^9012069 
2,0057772 
2,1160907 
2,2324756 

1,898198*; 
2,0121964 
2,1329282 

2  .3^655  S- 

2  .Stf2?!6 
2,6927727 

2-  8543  3V 
3.0255995 
3  20713^5 

1,60,47064 
,1,80611  1  ". 

1.733086 

',7946755 

i,  9  2  250  13 

1,9897888 

1,872981? 
',9479°°5 

2,'C  258161 
2,  ,  068491 
2,1911231 

'.,0223701 
1,1133768 
£,'2084787 
2,3078603 

2.4117149 

2,1828745 
2,2920183 
2  4066*92 
2,5269502 

2   6532977 

2,3552617 

2  4848011 
2,6214652 
2  7656458 

2  9J>7563 

;,  i 
2  3 

1,91  6  t,  ;,., 

:  . 

•2,0937770 

2  ,2O6l  1  4^ 

2,2833284 
•2  3639449 

2,278761*0 
2.3699187 

'>,  46471  55 
a»  5633041 
2,665X363 

2,5202411 
••'-6336520 
2,7521663 

2,8760138 

3,0054344 

2,7859625 
2,9252607 

3>07I,5237 
3,2250999 

3.0782329 

3  •  2475357 
3  -.4  20  i  VO2 
•3,61  . 

3  >  60353  74 
3,8197496 
4*^489346 

A-  29  T  8707 

16 

27 

38 

a,  156591  2 
2,221*890 

••ii446l).^5J2,7724697 
2,531567)  2,8893685 

3,1406790 

3,2820095 
3,4296999 
3,5840364 
3  7453^1 

3>5556726 
3'7334563 
3,9201291 
4,1161356 
4^3219423 

4,0231279 
4>2443999 

4,4778419 
4,7241232 
49839499 

4,822341;: 
5,lIl6S67 

5-  4'  83879 
5-  -74349" 

2,  3565655 

2,7118779 
••-.S:  -67  .-13  7 

3,1186514 

3,  2  4  9  per;  5 

3' 

33 
J4 

2,8138624 

2,9050314 
3,0067075 
1,1119423 
3,2208603 

3-33359°-} 

3-.  37  3  1  33  4 

3*648381  1 

3,794316.3 
3,9460889 

4,0899810 
4,2740301 
4,4663615 
46673478 

47.5380394 
4,7649414 
5  0031885 
5  2533479 
5  5160152 

5,2580671 
5,  5  47?  608 
.5  8523600 
6,1742398 
6  5^38^30 

6,0881007 
6.4533867 
6  8405809 
712510253 

36 

38 
39 

2,9832266 
3,0747834 
3.1670269 

3,4502661 
3,5710254 
3,6960113 
3=8253717 
3.9592597 

4^2680898 

4,43^8134 
4,6163659 
j  ,8010206 

4,8773784 
5,0968604 
5,3262192 

5,5658990 
5,  81  ^46.1  5 

5,7918101 
6.08  14060 
6*385477* 
6,704751  1 
7,0399887 

6,8720832 
7,2500478 
7,6488004 
8,0694844 
8,5133060 

8,147252 
8,636087) 
9  1542523 

10,28571781 

•1  " 
43 

'  5 

3,3598988 

^4606958 
8^645167 
$67-14522 

9,7815057 

4,2412579 
4,3897020 

4.54334'  5 
4.7023585 

4>99'3°6l4 
5,1927838 

5,40^4952 
5-616515 

r,  ,  8  4  f  i  7  .'.  f  i 

5,0782054 

6,3517246 
6,6375522 
6,9362421 

<.*'.'!>>73 

7.3919881 
8,149666- 

8,9850077 

8,9815378 
9>4755224 
9,9966761 

.  i  1265504 

fo,  9028608* 
1  1,557^3  2  ; 

'2'25- 

12.985481-5 

13  7626109  ' 

17 
4.8 
49 

4,0*18949 
4,3830059 

4,8669411 
5,0372840 

$t  »*  35889 

5'5849268f 

6,0748236 
6,3168.66 

6,833*688 

7.  1055.506 

7,5745497 
7,9'54°45 
8,27151/77 
3,6458196 

0,03:4791  i; 

9  434258; 
9,9059710 
10,4012696 
109213331 
1  1.1673697! 

11,7385217 
12.3841404 
13  0652681 
13,78^8579 

14,5283673 

16,3914804 

.lAiiLfi 

T 
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;  II.   Shewing  the  prrfent  value,  of  £^  due  at  ike  end  of  any 
numbtr  of  years,  from  i  to  40. 


r±_! 
i 

2 

3 

4 


16 

IS 

19 

20 

.41 

22 

23 
24 

25 

26 
28 

29 

30 

3l 
32 
33 
34 

35 

3° 
37 
3* 
39 

40 


$  per  cent,   ^percent,   5  per  cent.   ^percent.  Q  per  cent,  \  yr.c, 


,901538 
,924556 
,888996 
,854804 
.8219117 

',7599<8 
,730690 
,702587 

,675564 
,649581 

,6*4597 

,600574 

,577475 


,513373 
,493628 

,474642 
,456387 
,488833 


,876297 
,$385^< 

j8O245l 

,767090 

,734828 
,703185 
,672904 


,9523Sl 


,863838 

,822702 

,785526 


,676839 
,644609 


,589664 
,564271 

9539973 

,5 '6720 

,473l7b 
,4528 


,405726 
,390121 
,375  "7 
,"36^689 
,340816 

,333477 
,320651 
,308300 

,290460 
,385058 
,274094 

^63552 


'43^9 
2342®7 


>H4643 

,396787 
,3797°l 
,36335 
,3477°3 


,279015 
,267 

,23550* 
,2445 

, 23397 i 
,223896 

,214251 


,196299 


,216671  j  ,179665 
,208289  1,17 IO^Q 


,53032i 
,505068 
,481017 


,3957*4 
,3-688o 


,898513 
,851728 

,8°7397 
.76539* 

^087869 
,652125 
,6:8253 

,586  v,3 

,573733 
,526903 

,49958 
,175684 
,449*4* 
,425979 


>94339b 
,889996 

,8396'9 
,79-093 

,7°496 
,665057 
,627412 
,591898 
1  ,5^394  ' 

,496969 
,468839 


,382932 


,325571 
,3 . 0068 

,305^°^ 
,281241 
,267848 

,255094 
,242946 


,344346 
,326568 
,  o,,6|7 
,2936^4 
,2,78523 


,237608 
,225362 


,172057 
.164436 
,156605 
,149148 


,492307 

,182411 
,173029 

,_f55692 

,M7399 
,140114 
,132893 
,126075 
.1 10608 


,4*7265 
,393647 


,33°513 
,011804 


,2775°5 
,261797 
,246978 

.2V  99^ 


,146186 
,137912 


,"5793 
,109182 

,1O3OC>2 
,09717 


10 

18 

9O 

21 
22 
23 

a  4 

ii 
26 

28 

£0 

3l 

32 
33 
34 

35 

36 

37 
38 

39 

40 


TABLES. 


TABLE  III.  Shewing  the  amount  of  £i  annuity  fc"  any  number  of 
years^from  \  to  40. 


vo,j  4  per  cent.        4^  percent. 

5  per  cent.     \    5|  per  cent. 

6  per  cent. 

yrs. 

l 
g 

3 

4 

s 

t> 

2,04 
3,1216 
4,246464 
5,416322 

J? 

2,045 
3513"025 
4,278.91 

^4707' 

2^5 

3^525 

4,310125 

5-vz5b3l 

i} 

2,055 
3,16802 
4,34226 
5,58lo9 

1, 

2,06 

3,1836 
4.374616 

5,637°93 

1 
2 

3 
4 

5 
6 

1 

9 

1Q 
1  1 
12 

'3 

14 

15 

6 

g 

9 

1C 

0,b32975 
7,898294 
9,214206 
10,582795 
i?,  006*07 

6,716^92 
8,019^52 

9,3*0014 

lO,bo21  14 
12,2882 

6.801913 
8^142008 

9>549109 
11,026564 

12,577892 

o,  58805. 
8,266894 

9.721573 
11,256259 

12-875354 

6r975ai8 

8;393837 
9^974^7 
115491315 
13.180794 

1  1 

12 
1S 

ii 

'S-l'^S' 
15,02,580,-- 
6,626838 
18,29191  i 
20.023,588 

13,84117.. 

'5<464°32 

i7»1599«g 
18,932109 

20.784054 

14,206787 
15,917126 
17,712983 
*9»598632 
2i.5785b3 

M>58349b 
i6;3855^ 
18,286798 
20.292572 
22,408663 

14,971642 
ib,8fe994 
18,882132 
21.015064 
23^275968 

i6j>..  824531 
,7123,697512 
18125,64,5413 
19^27.  67122^ 
20*20.  778078 

22-719337 
24.741707 
26,855084 

2^5°b35^2 
31,371423 

23»657492 
25,840366 
^8,13*385 

30,529004 

33<c65954 

14,64114 
26,996402 
29,481205 
32,102671 
34.868318 

25,672527 
28,212879 
30,905651 
33,75999' 
36,7%59 

16 

'7 
18 

'9 

20 

'.i  • 
?  r> 

h 

315969202 

34AM797 
36,617888 

39.08-604 
41,6415908 

33,783137 
3b-3°3378 
3^937C3 
41,689196 
44.56521 

35,719252 

88>5°5«M 

4^430475 
44,501999 

47,727099 

37,786075 
40,864309 
44  11  1846 
47>537998 
5^*52588 

395992725 
43,392289 
46,995826 
50,815576 

54^45f 

2J 

22 

23 

24 

25 

:0 
S'J 
28 

29 
3° 

3' 
^ 

-33 
34 
35 

44-31J74£ 
47,084214 

49>967583 
52,966*86 

56,084938 

47?57c645 
50,711324 

53>993333 
57r423°33 
61,007067 

5151|3454 
54,669120 
58,402583 
62.322712 
66,438847 

54,96598 
58.989109 
D3»  23351 

67,711353 
7^43547^ 

59,156381 

^3570.5763 
68,528109 

73A39796 
79,058183 

26 
27 

o 

29 
3£ 

31 

32 
33 
34 
35 

59?328335 
62.701^69 
66,209,527 
69,8^7908 
73.6,52225 

6457523S8 
68,666245 

72756226 
77:030256 
8i.4q66i8 

70,76079 
75,298829 
80,063771 
85,066959 

90.320307 

77;419429 
82,677498 
88,22476 
94,077122 
100,251363 

84,801674 
90,889775 

97,343l61 
i^45i837,{)i 
iiM.3477^ 
119,120863 
127,268114 
i35>904201 

M55058453 
154.761961 

36 
37 
38 
39 
go 

77-5983^ 
81,702246 

35;973336 
90.40915 

95.025516 

b6,  103966 
91.041344 
96.  138205 
101,464424 

107.070393 

95;836323 
101.628139 

10757°954^ 
114,095025 

120.799774 

ict>,7t>5ib8 

J135r>37274 
lac,  8873  24 

128,536127 
13^,605614 

36 
37 

38 
39 
40 

TA  B  L  E 


TABLES, 


IV.  Shewing  the  prefent  worth  of  £1,  annuity, for  any  num 
ber  of  years,  from  i  to  40. 


yrs. 

4  jf^r  cfw/. 

4^  per  cent. 

5  per  cent. 

5i  per  cent. 

6  per  cent. 

l 
2 

3 
4 
5 

0,96l54 
1,88609 

2^77509 
3,62989 

4,45182 

0.^5694 
1,87267 
2,74896 

3?58752 
4-38997 

0,95'238 
1,85941 
2,72325 

3»S4595 
4,32948 

0,94786 
1=8463 
2,6979 

3>49d62 

4»25759 

o,94339 
i583339 
2,67301 

3.4651 
4,21236 

6 

7 
8 

9 
to 

5,24214 
6.00205 
6573274 

7i43533 
8,  1  1089 

5:15787 
5,8927 

6?59589 
7,26879 

7,91272 

5,07569 
5}78637 
6,40321 
7,10782 

7i72i73 

4597699 
5,65HB8 
6,30522 
6,91786 
7,49856 

4J91732 
5-58238 

6.20979 
6,8oi6q 
7.36008 

i  1 

12 

13 
14 
V5 
ib 

:»7 

19 

20 

8,70048 

9»38507 
9,98565 
10.56312 
11,11839 
11,65229 
12,16567 
12,65929 

I3»13394 
'3»59°32 

8,52892 
9,11858 
9,68285 
10,22282 
50?  73954 
11.23401 
11,70719 
12,15099 

1^59329 
J3;oo793 

8,30641 
8,86325 

9^39357 
9.8^^64 

10,37966 

io,»3777 
11.27407 
11,68958 
12,08532 
12.46221 

8,04898 

8.5707 
9,06522 

9.-53S95 
9-9"8g4 

10J  39936 
10,79852 
11.17687 

".53549 
11^7541 

%b«687 
8,38384 
8,85268 
9^9498 
9*7*225 
10,10589 
iO;47726 
10.8276 
11,15811 
11,46993 

21 
22 

23 
24 

25 

14,02916 
14,45111 
14,85684 
15,24696 
15,65*208 

13?4Q472 
13-79442 

H>14777 
14.49548 
14,82821 

12,8211^ 

*3>l63 
13.48807 
13.79864 
14-09.^91 

12,1976 
12.50-599 
12.79245 
13.06682 
13.3688 

11,76407 
12,04158 
12,30338 

12,55035 
1  2-78335 

26 
27 
28 
29 

3° 

1  5598*77 

1  6*3  2959 

16,66306 

16,98371 
17,20202 

J5,,4bbi 

i5;45i3 
15.74287 

16,02189 
16,28889- 

J4-37518 
14*64303 

14:898t3 
15,14107 
1  5,37245 

*3>5133* 
13,80702 

14,02848 
14,23838 

i4i43733 

13.00316 

!3.21053 
13.40616 

J3-59072 
13-7t)483 

3i 
32 
33 
34 
35 

'7r5^49 

17>87355 
18,14764 

18,4112 
18,66461 

»&;54439 
16,78889 

17.02286 

17,24676 
17,46101 

15,59281 
15,80268 
16.00255 
16,1929 
16.37419 

14.6259 
14.80463 

i4>97404 
15.13/161 
1,5.2868 

13.92908 
14,08398 
14.22917 
M?366i3 

1  -1;  4953  3 

36 

37 
38 

39 

4° 

18.9^828 
19,14258 
19,36787 
19,58448 
»9'79277 

1  7.66604 
17,86224 
18,04999 
18,22965 
.8,40158 

16,54685 
16,71129 
16,86789 

17,01704 

17:15'-  09 

15.43105 

!5-56779 
15,6974 

15,82024 
J5.93r:67 

14:61722 
?4-73zn 
14  84048 
14,9427 

i££3913 

TAELK 


TABLE      S. 


TABLE  V.   The  annuity  which  £i  will  pur  chafe  for  any  number  of 
years  to  come, from  i  to  40. 


•vrj.  4  /w  ££«£.  j,45^(.Tcenf.|  §  per  cent,   5^  percent.  &  per  cent. 

j 

1,04 

1,045 

1,05 

4,055 

i}c6 

2 

5530* 

S534 

,5378 

,54162 

5S4544 

3 

,36035 

536377 

,30721 

537065 

r374'* 

4 

527549 

,27874 

,28201 

,28582 

,28859 

5 

183463 

,2  '.779 

_jf3£97 

.23487 

^37j$9 

6 

,19076 

,19488 

,19702 

,20092 

,20336 

7 

,16661 

51697 

,17282 

,17671 

5*79'3 

8 

5*4853 

,15161 

5*5473 

,15859 

,16,03 

9 

5*3449 

5*3757 

,140^9 

*M455- 

,14702 

10 

.12329 

,12638 

»1295 

5*3331 

,-3-^7 

11 

»M4*5 

5ll725 

,12039 

,124^4 

,12679 

12 

,10655 

,10967 

,11282 

,11667 

,11927 

13 

,10014 

,10327 

,10645 

,11031 

,11290 

14 

,09467 

.09782 

,1O1©2 

,10489 

,10  58 

15 

,08994 

,09311 

,09624 

,»OO22 

•,10296 

16 

,08582 

,08901 

.OQ227 

.0962 

509895 

i7 

,08*2 

,08542 

,0887 

,og26 

509544 

18 

,07899 

908224 

>o§555 

,08947 

509235 

*9 

,07614 

,07041 

,08274 

,08(399 

,08952 

20 

,07359 

,07688 

,08024 

,08427 

,08718 

21 

,07128   ,0746 

,o?8 

,08190 

,085 

22 

,0692 

,07254 

»C7597 

5°7998 

,08303 

23 

,06731 

,07068 

,07414 

,07825 

.08128 

24 

5°6559 

,06899 

,07247 

,07653 

,07968 

*5 

,06401 

5°6?44 

•^7°95 

j£750j* 

,078^ 

20 

,06257 

,06602 

,06956 

507367 

»°769 

27 

,06124 

,06472 

,06829 

,07242 

50757 

2« 

,06001 

5°6352 

,©6712 

,07128 

5°7459 

.29 

,05888 

,062^1 

,o6bo4 

.07023 

507358 

3° 

,0^783 

,06139 

,06505 

.06926 

.,07272 

3< 

,05685 

,06044 

,or>4l3 

,06837 

907179 

32 

:05595 

505956 

,06328 

,06754 

,07! 

33 

50551 

.05874 

,06249 

,06678 

.07027 

34 

5°543i 

,05798 

,06175 

.06^07 

,06959 

35 

_I°.5358 

^05727 

,06107 

^06541 

.06899 

36 

,05289 

,0566  i  ,06043 

,0648 

,06839 

37  j  ,05224 

,05224 

,05984 

.06123 

,0b785 

38 

50516,? 

5o554 

,05948  j  ,0637 

,^6735 

39 

,05106 

505485 

,05876!  ,06321 

,06689 

-4?_. 

,05052 

5°5434 

,05828   ,0^274 

,06646 

CIRCULATING 


CIRCULATING  DECIMALS.  32? 

CIRCULATING      DECIMALS 

Are  produced  from  Vulgar  Fractions,  whofe  denominators  d» 
2iot  meafure  their  numerators,  and  are  diftinguiftied  by  the  con 
tinual  repetition  of  the  fame  figures. 

1.  The  circulating  figures  are  called  repetends  ;  and,  if  one  fig 
ure  only  repeats,  it  is  called  a  Jingle  repetend  :  As,mi  &c.  ,6666  &c» 

2.  A  compound  repetend  has  the   fame  figures  circulating  alter 
nately  :  As  ,016101  &c.  ,379379379  &c- 

3.  If  other  figures  ariie  before  thofe  which  circulate,  the  dec 
imal  is  called  a  mixed  repetend  ;  thus,  ,375555  &c.  is  a  mixed  fingfe 
repetend.  and  ,378123123  &c..a  mixed  compound  repetend. 

4.  A  (ingle  repetend  is  expreffed  by  writing  only  the  circulat 
ing  figure  with  a  point  over  it  ;  thus,  ,1111   &c.  is  denoted  by 

,1,  and  ,6666  &c.  by  ,6-. 

5.  Compound  repetends  are  diftinguifhed  by  putting  a  point 
over  the  firfl  and  lafl  repeating  figures  ;  thus,  ,010101    &c.  is 

written  ,61  arid  .379379379  &c,  thus  ,379. 

6.  Similar  circulating  decimals  are  fuch  as  confifl  of  the  fame  num 
ber  of  figures,  and  begin  at  the  fame  p^ace,  either  before  or  after 

the  decimal  point  ;  thus,  ,3  and  ,5  are  fimilar  circulates  ;  as  are 


3,54  and  7,36,  &c. 
7.  Dijjimilar  repetends  confiil  of  an  unequal  number  of  figures 
and  begin  at  different  places. 

i>.  Similar  and  conterminous  circulates  are  fuch  as  begin  and  end 

at  the  fame  place  ;  as  47334576,  9,73528  and  ,05463,  &c. 
REDUCTION  ^CIRCULATING  DECIMALS. 
CASE       I. 

To  reduce  afimple  Repetend  to  its  equivalent  Vulgar  Fraction. 
ROLE*  i.  —  Make  the  given  decimal  the  numerator,  and  let  the 
denominator  be  a  number,  confifting  of  fo  many  nines  as  there 
are  recurring  places  in  the  repetend.  2.  If 

*  If  unity,  with  cyphers  annexed,  be  divided  by  9  ad  infinitum,  the  quotient  wi!L 
be  i  continually  ;.  that  is,  if  1  be  reduced  to  a  decimal,  it  will  produce  the  circulate 

,1,  and  fmcc  ,1  is  the  decimal  equivalent  to  -5-,  ,2  will  r=-|,  3  =  -|-,and  fo  on  till  9 
—  TJ-  —  i  .  Therefore  every  (ingle  repetend  is  equal  to  a  vulgar  fraction,  whofe  nu 
merator  is  £he  repeating  figure,  and  denominator  g. 

Again,  -5-5-  or  -^--gr-gp,  being  reduced  to  decimals,  ruake  ,010101  &c.  and  ,001091001 


&c.  ad  ivjinitum  —  ,01   and  ,001    ;    that  is,  -^-5-  rzr  ,01,  and  yg-y  ±±,,ooit  confe- 


quently  -9-5-  =  ,02,  TT  r=  ,03,  &c.  and  y-9-§-  =  ,002,  -j-fy  =  ,003,    &c<  and  the 
lame  will  held  umveifally. 


3=8    REDUCTION  OP  CIRCULATING  DECIMALS. 

2.  If  there  be  integral  figures  in  the  circulate,  fo  many  cyphers 
muft  be  annexed  to  the  numerator  as  the  higheft  place  of  therep- 
ctend  is  diftant  from  the  decimal  point. 

EXAMPLES. 

•  •    • 

1.  Required  the  leaft  vulgar  fractions  equal  to  ,3  and  ,324. 

,3  —  |  =  £  ;  and  ,324  —  f||  =  ft  Anf.  J  and  ft. 

2.  Reduce  ,7  to  its  equivalent  vulgar  fraction.  Anf.  ^ 

•          * 

3.  Reduce  11,37  to  its  equivalent  vulgar  fraction.        Anf.  ?/-£/. 

*  • 

4.  Required  the  leaft  vulgar  fraction  equal  to  ,384615. 

Anf.  -?_. 
CASE       II. 

To  reduce  a  mixed  Repetend  to  its  equivalent  Vulgar  Fraction. 

RULE*  i.  —  To  fo  many  nines  as  there  are  figures  in  the  repe- 
tend,  annex  fo  many  cyphers  as  there  are  finite  places,  (that  is,  as 
there  are  decimal  places  before  the  repetend)  for  a  denominator. 

2.  Multiply  the  nines  in  the  faid  denominator  by  the  finite  parta 
and  add  the  repeating  decimals  to  the  product  for  the  numerator. 

<j.  If  the  repetend  begins  in  fome  integral  place,  the  finite  val 
ue  of  the  circulating  part  muft  be  added  to  the  finite  part. 

EXAMPLES. 

i.  What  is  the  vulgar  fraftion  equivalent  to  ,153  ? 

There  being  i  figure  in  the  repetend,  and  2  finite  places,  I  annex 
2  cyphers  to  9  for  a  denominator,  viz.  900  ;  then  I  multiply  the  9 
in  the  denominator  by  the  two  figures  in  the  finite  part,  and  add  the 
repeating  figure  for  a  numerator  ;  thus,  9X  i5-f-3  =  138  numerator. 

Therefore,  ,153.—  £j§  =  ^  the  Anf. 

•       • 

*.  What  is  the  leaft  vulgar  fraction  equal  to  ,41  23  ?     Anf.  $$JJ. 
CASE       III. 

To  make  any  number  of  diffimilar  repetends  fimilar  and  conterminous  j 
that  is9  of  an  equal  number  of  places. 

RULE 

*  In  like  manner  fora  mixed  circulate  ;  confider  it  at  divifible  into  its  finite  and 
circulating  parts,  aud  the  fame  principle  will  be  feen  to  run  through  them  alfo  ; 

thus  the  mixed  circulate  13  is  divifible  into  the  finite  decimal  ,i,  and  the  repetend 

SO3  ;  but  ,1  ~  -j^y,  and  ,03  would  be  equal  to  -5-  provided  the  circulation  began  im 
mediately  after  the  place  of  units  ;  but  as  it  begins  after  the  place  of  tenths,  it  is  -jj- 


ef  -iV  =  T3o,  and  fo  tbe  vulgar  fraction.  ~  .13  i»  IQ+TO  ~  To+To  zz  T§> 
aod  is  the  lame  as  by  the  rule. 


REDUCTION  OF  CIRCULATING  DECIMALS.     329 

RULE.* 

Change  them  into  other  repetends,  which  fhall  each   corifift 
of  fo  many  figures,  as  the  leaft  common  multiple  of  the  iums  of 
the  feveral  numbers  of  places,  found  in   all  the  repetends.  con-  s 
tains  units. 

EXAMPLES. 

i.  Make  6,317  -^3,45  ;  52,3  ;  191,03  ;  ,057  ;  5,3  and  1,35^ 
ftmilar  and  conterminous. 

Mere,  in  the  firft  repetend,  there  are  three  places,  in  the  fec- 
ond,  one,  in  the  third,  none,  in  the  fourth,  two,  in  the  fifth, 
three,  in  the  fixth,  one,  and  in  the  feventh,  one. 

Now  find  the  lealt  common  multiple  of  thefe  feveral  fums,  thus  : 

3  )?! — ! — L$l — 1»  and  2x3  £=  6  units  ;  therefore,  the  fimilar 

/I,    1,    2,    1,    1,    1 

and  conterminous  repetends  muft  contain  6  places. i 
Dijfimilar  made  fimilar  and  conterminous* 

6,317'—       6,31731731  .      , 

3*45     =       3*45555555 

52,3       =     52,30000000 

191,03     rz  191,03030303 

,057  rz        ..05705705 

•  •         • 

5?3       =       S»33333333 

•  «          • 

1.359  ==       1,35999999 

a.  Make  ,531,  ,7348,  ,07  and  ,0503  fimilar  and  conterminous. 
CASE      IV. 

To  find  whether  the  decimal  JraElion,  equal  to  a  given  vulgar  one,  be 
Jinite  or  infinite^  and  how  many  places  the,  repetend  will  conjiji  fif. 

RULE 

*  Any  given  repetend  whatever,  whether  fingle,  compound,  pure,  or  mixed,  may 
be  transformed  into  another  repetend,  which  (hall  confift  of  an  equal  or  greater  num 
ber  of  figures  at  pleafure  ;  thus  ,3  may  be  transformed  into  ,33,  or  333,  &c,  alia 

,79  =  7979  =  797,  and  fo  on. 

•f  The  learner  may  oblerve  that  the  fimilar  and  conterminous  repetends  begn* 
juft  fo  far  from  unitv,  as  is  the  far'Jhefl  among  the  diflfimilar  icpctends  ;  and  is  to  w- 
all  cafes. 

Tt 


330      ADDITION  OF  CIRCULATING  DECIMALS. 

RULE*  i.~  Reduce  the  given  fraction  to  its  leaft  terms,  and 
divide  the  denominator  by  2,  5  or  10,  as  often  as  poflible. 

2.  Divide  9999,  &c.by  the  former  refult,  till  nothing  remain, 
and  the  number  of  95  ufed  will  (hew  the  number  of  places  in 
the  repetend  ;  which  will  begin  after  fo  many  places  of  figures 
as  there  were  iOs,  2s,  or  55,  divided  by. 

If  the  whole  denominator  vanifh  in  dividing  by  2^5  or  10,  the 
decimal  will  be  finite,  and  will  confift  of  fo  many  places  as  you 

perform  divifions.  T, 

EXAMPLE   sn 

i.  Required  to  find  whether  the  decimal  equal  to  -^^  be  fi 
nite  or  infinite,  and  if  infinite,  how  many  places  that  repetend 
will  confift,  of. 

*          2)        (2 


Then,  '  '     ^      -  ;  therefore,  becaufe  the  denominator  112  did 
142857 

not  vanifh  in  dividing  by  2,  the  decimal  is  infinite,  and,  as  fix 
95  were  ufed,  the  circulate  confifts  of  6  places,  beginning  at  the 
fifth  place,  becaufe  four  2s  were  ufed  in  dividing. 

2.  Let  ^2-.  be  the  fraction  propofed. 

3.  Let  |-  be  the  fraction  propofsd. 

ADDITION  OF  CIRCULATING  DECIMALS. 

•RULE  i.  —  Make  the  rcpetends  fimilar  and  conterminous,  and 
find  their  fum  as  in  common  addition. 

2.  Divide  this   fum  (of  the  repetends  only)  by  fo  many  nines 
as  there  are  places  in  the  repetend,  and  the  remainder  is  the  rep 
etend  of  their  fum  ;  which  mud  be  fet  under  the  figures  added, 
with  cyphers  on  the  left  hand,  when  it  has  not  fo  many  places 
as  the  repetends. 

3.  Carry  the  quotient  of  this  diviiion  to  the  next  column,  and 
proceed  with  the  reft,  as  in  finite  decimals.  EXAMP  LE«. 

'•*  In  dividing  1,000,  &c,  by  any  prime  number  Whatever,  except  2  or  5,  the  fig 
ures  in  the  quotient  will  begin  to  repeat  over  again  as  ibon  as  the  remainder  is  i  : 
And  fjnce  QQ9,  &c.  is  lefs  than  1000,  &c.  by  i,  therefore  999,  &c.  divided  by  any 
number  whatever,  will,  when  the  repeating  figures  are  at  their  period,  leave  o  for  a 
remainder. 

Now,  whatever  number  of  repeating  figures  we  have,  when  the  dividend  is  i,  there 
\vili  be  exactly  the  fame  number,  when  the  dividend  is  any  other  number  whatever. 

Thus,  let  5390539053905  &.C.  be  a  circulate,  whofe  repeating  part  is  3905. 
Now  every  rejTftcnd  (3905,)  being  equally  multiplied,  mull  give  the  fame  product  : 
Tor  although  thefe  products  will  confift  of  more  places,  yet  ihe  overplus  in  each, 
being  alike,  will  be  carried  to  the  next,  by  which  mean,  each  produft  will  beequal- 
iy  iucrcafed,  and  confequently  every  four  places  will  contiuue  alike.  And  the 
lame  wijl  hold  for  any  other  number. 

Now  from  hence  it  appears  that  the  dividend  may  be  altered  at  plcafdre;  and  the 

number  cf  places  in  the  repetend  will  fiill  be  the  fame  ;  thus  y;j-  n:  go  and  -JT  5 
.-;£  rroSj  \vhcucc  the  number  of  places  in  each  are  alike, 


SUBTRACTION  OF  CIRCULATING  DECIMALS.  3£t 

EXAMPLES. 

i.  Let  5»3+59>4356+397»6+519+*39+  21755  *>c  added  to* 
Aether. 

5>3        ~      5>3333333 

•  •  •         •  \ 

59,4356  zz     59j435^356 

397*6        zz  397,6666666 
519  zz  519,0000000 

?39      =        >3939393 
217,5        zz  217,5555555 


1199>38513°3  tlhie 
In  this  queftion,  the  fum  of  the  repetends  is  2851303,  which, 
divided  by  999999,  gives  a  to  carry  to  the  next  column  553jO  &c» 
arid  the  remainder  is  851305. 

•  •  •  •  • 

2.   Let  32755319+36»454-i23»19+5,3173-f  ^2,35134-11,131 

4-ji25-f-29)ioo53  be  added  together.  Anf.  3593,00042. 

SUBTRACTION  OF  CIRCULATING  DECIMALS. 

RULE. — Make  the  repetends^wtY^r  and  conterminous,  and  fub- 
tra&  as  ufual,  obferving,  that  if  the  repetend  of  the  number  to  be 
fubtrafted  be  greater  than  the  repetend  of  the  number  it  is  to  be 
taken  from,  then  the  right  hand  of  the  remainder  mud  be  iefs  by 
unity  than  it  would  be  if  the  exprcffions  were  finite, 

EXAMPLES. 
i.  From  57,03  take  29,73587 
57,03         =  57,03030 

=  29:73587 

27)29442  ^ie  difference. 


2.  From  325,17  take  I37>58i9~  AnJ-  l87>5957- 

MULTIPLiCATlON 


33*  ALLIGATION. 

MULTIPLICATION  OF  CIRCULATING  DECIMALS. 

RULE  i. — Turn  both  the  terms  into  their  equivalent  vulgar 
fraftions,  and  find  the  produft  of  thofe  fractions  as  ufual. 

e.  Turn  the  vulgar  fra6Hon,  expreffiog  the  product,  into  an 
equivalent  decimal  one,  and  it  will  be  the  product  required. 

EXAMPLES. 

1.  Multiply  54  by  ,15.       54  =  |«  =  &  and  ,15  =  |J  =  ^ 
TfirX  4T  =  -t-h  =  >°*4  the  produa. 

2.  Multiply  378,5  by  23,6—  Anf,  8959,148. 

DIVISION  OF  CIRCULATING  DECIMALS. 

RULE  i. — Change  both  the  divifor  and  dividend  into  their 
equivalent  vulgar  fractions,  and  find  their  quotient  as  ufual. 

2.  Turn  the  vulgar  fraction,  expreffing  the  quotient,  into  its 
equivalent  decimal,  and  it  will  be  the' quotient  required. 

EXAMPLES. 
i.  Divide  .54  by  ,15. 

,54  =  fj  =  ^  and  >15  =  -J4  =  4? 

-&+&  —  T6rX4y5  =  ¥T°  ==  Syy  =  8,506493  the  quotient. 

3.  Divide  345,8  by  6.  Anf.  518,83. 

ALLIGATION 

Is  the  method  of  mixing  two  or  more  fimples  of  different  qual 
ities,  fo  that  the  compofition  may  be  of  a  mean  or  middle  quali- 
jty  :  It  confifts  of  two  kinds,  viz.  Alligation  Medial  and  Alliga 
tion  Alternate. 

ALLIGATION     MEDIAL 

Is.  when  the  quantities  and  prices  oFfcveral  things  are  given, 
to  find  the  mean  price  of  the  mixture  compounded  of  thofe  things. 

RULE. 

As  the  fum  of  the  quantities,  or  the  whole  compofition,  is  to 
their  total  value  ;  fo  is  any  part  of  the  compofition  to  its  mean 
price  or  value, 

EXAMPLES, 


ALLIGATION  ALTER  NATE,          & 

EXAMPLES. 

1.  A  tobacconiffc  would  mix   6ofb   of  tobacco,  at  6d.  per  3 
with  5ctfe   at    is.  4Oife   at  is.  6d.  and  3C}t>  at  2s.  pfjr  ¥§  :   What 
ift  of  this  mixture  worth  ? 

ft         s.  d.      £.  s.  ft         £.      jfe 

60  at  o  6  is  i   10  As  180  :   20  ::   i 
50  —   i  o  —  2   10  i 

40—  i   6— .3     o 

30  20  3O  10 

—  L      2O 

S"mo™;e)  180  Total  val.  10    o 
flmPles>  /  180)200(1,. 

1 80 

so 

12 

1 80)  240(  !«.£/.    J.    rf. 
1 80    y^tf/.    1 

"60 

2.  A  farmer  would  mix  20  bufhels  of  wheat  at  6s.  per  bufhel, 
16  bufhels  of  rye  at  45.  per  bufhel,  12  bufhels  of  barley  at  31.  per 
bufhel,  and  8  bufhels  of  oats  at  2j.  per  bufhel  ;  What  is  the  val 
ue  of  one  bufhel  of  this  mixture  ?  An/,  qs.  z±d. 

3.  A  wine  merchant  mixes  1 2  gallons  of  wine,  at  750.  per  gallon, 
with   24  gallons,  at  goc.  and  16  gallons  at   iD.  IQC.  ;   What  is  a 
gallon  of  this  compofition  worth  ?  Anf.  qzc.  6m. 

4.  A  goldfmith  melted  together  802.  of  gold  of  22  carats  fine, 
ift  802.  of  21  carats  fine,  and  IQOZ.  of  18  carats  fine  :  Pray  what 
is  the  quality,  or  fineneis  of  the  compofuion  ? 

8x224-20x21  +  10x18 

__- —3  2OTV  carats  hn< 

8-J-2O-J-10 

5.  A  refiner  melts  /jft  of  gold  of  20  carats  fine  with  8Jfe  of  18 
carats  fine  ;   How  much  alloy  mufb  he  put  to  it,  to  make  it  22 
carats  fine  ? 

AnfojtT)  It  is  not  fine  enough  by  3-^V  carats,  fo  that  no  alloy 
muft  be  added,  but  more  gold. 

ALLIGATION    ALTERNATE* 

Is  the  method  of  finding  what  quantity  of  each  of  the  ingre 
dients,  whofe  rates  are  given,  will  compofe  a  mixture  of  a  given 
rate  :  So  that  it  is  the  reverfe  of  Alligation  Medial,  and  may  be 
proved  by  it.  CASE 

*  Demon.  By  connecting  the  lefs  rate  with  the  greater,  and  placing  the  difference 

between  them   and  the  mean   rate  alternately,  or  one  after  the  other  in  turn,  the 

quantities  refulting  are  fnch  that  there  is  precisely  as  much  gained  by  one  quantity 

as  is  loft  by  the  other,  and  therefore  the  gala  and  lofs,  upon  the  whole,  arc  equal, 

e  exa&ly  the  proposed  In 
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CASE 


I. 


The  whole  work  of  this  cafe  confifts  in  linking  the  extremes 
truly  together  and  taking  the  differences  between  them  and  the 
mean  price,  which  differences  are  the  quantities  fought. 

RULE  i.—  Place  the  feveral  prices  of  the  fimples,  being  reduc 
ed  to  one  denomination,  in  a  column  under  each  other,  the  leaft 
uppermoft,  and  fo  gradually  downward,  as  they  increafe,  with  a 
line  of  connection  at  the  left  hand,  and  the  mean  price  at  the  left 
hand  of  all. 

2.  Connect,  with  a  continued  line,  the  price   of  each  fimple, 
or  ingredient,  which  is  lefs  than  that  of  the  compound,  with  one 
or  any  number  of  thofe,  "which  are  greater  than  the  compound, 
and  each  greater  rate  or  price  with  one,  or  any  number  of  the  lefs. 

3.  Place  the  difference,  between  the  mean  price   (or  mixture 
rate)  and  that  of  each  of  the  firnples,  oppoiite   to  the  rates  with 
which  they  are  connected. 

4.  Then,  if  only  one  difference  ftand  again  ft  any  rate,  it  will 
be  the  quantity  belonging  to  that  rate  ;  but  if   there  be  feveralj 
their  furn  will  be  the  quantity. 

EXAMPLES. 

1.  A  merchant  has  fpices,  fome  at  is.  6d.  per  ft,  fome  at  2r. 
fome  at  45.  and  fome  at  5-f.  per  ft  ;  How  much  of  each  fort  mufl 
he  mix,  that  he  may  fell  the  mixture  at  31.  4^.  per  ft  ? 


d. 


In  like  manner,  let  the  number  of  fimples  be  what  it  may,  and  with  how  many 
ibever  each  one  is  linked,  fince  it  is  always  a  lefs  with  a  greater  than  the.  mean  price, 
there  will  be  an  equal  balance  of  lofs  and  gain  between  iivery  two,  and  coH.iequcr.t- 
ly  an  equal  balance  on  the  whole. 

It  is  obvious  from  the  rule,  that  queftions  of  this  fort  rlinit  of  a  great  variety  of 
anfwers  ;  for  having  found  one  anfwer,  we  may  find  as  many  more  as  we  pleaie  by 
only  multiplying  cr  dividing  each  of  the  quantities  found  by  2,  3,  4,  &c,  the  rea- 
fon  of  which  is  evident  ;  for  if  two  quantities  of  two  iivnples  make  a  balance  of  lois 
and  gain  with  re  f  peel  to  the  mean  pi  il  alfo  the  double  or  triple,  the  halt 

or  third  part,  or  any  other  ratio  o: 

v  one  of  the  (implcs  be  of  little. or  no  v, 
:,  as  water : 
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20-f-    8 

84-20 

l6~j-22 
22-|-l6 


JNote.  Thefe  five  anfwers 
arife  front  as  many  various 
5P     ways  of  linking  the  rates 
of  the  ingredients  together. 


2.*  A  merchant  has  Canary  wine,  st  QS.  per  gallon.  Sherry, 
at  zs.  id.  and  claret  at  is.  ^d.  per  gallon  ;  How  much  of  each 
fort  muft  he  take,  to  fell  it  at  2s.  $d.  per  gallon  ? 


fS6^  S 

Mean  rate  28d.<  25-^)  8 

_   (.,7^8 


t4  at  3  o 

-  2  i  }>  per  gallon, 
8—15 


3.  How  much  barley  at  2,r.  ^d.  rye  at  3.?.  9^.  and  wheat  at  51* 
per  bufhel,  muft  be  mixed  together,  that  the  compound  may  be 
worth  4-r.  $d.  per  bufhel  ? 

Anf.  8  bufhels  of  barley,  8  of  rye,  and  31  of  wheat. 

4.  A  goldfmith  would  mix  gold  of  19  carats  fine,  with  fome  of 
16,  1 8,  23  and  24  carats  fine,  To  that   the  compound  may  be   21 
carats  fine  ;   What  quantity  of  each  muft  he  take  ? 

AnJ.  SQZ.  of  16  carats 
fine,  502.  of  18,  £0z. 

I*  of  '9>  I0oz-  of  23» 

and  1002.  of  24  ca- 
rats  fine. 

5.  It  is  required  to  mix  feveral  forts  of  wine,  at  6oc.  goc*  and 
iL>,  i5C.  per  gallon,  with  water,  that  the  mixture  may  be  worth. 
75C.  per  gallon  ;  Of  how  much   of  each  fort  muft  the  compofi- 
lioxi  confift  ? 

{o-^  ^j  AnJ.   40galls-.   of  water, 
60^.  ^  I      15^^.  of  wine,  at6o<r. 
90-^  J.  j       i$galls.  do.  at  90^.  and 
U'i-iX  J      flails,  do  at  iD.  i$c* 

CASE         IT. 

When  the  rates  of  all  the  ingredients,    the  quantity  of  but  one    of 
them.,  and  the  mean  rate  of  the  whele  mixtures  are  given,  to  find  fhe 
Jeveral  quantities  of  the  reft,  in  proportion  to  the  quantity  given. 
RULE. — Take  the   differences   between   each   price,   and   the 
Tnean  rate,  and  place   them  alternately,  as  in  Cafe  i.     Then,  As 
the  difference  ftanding  againft  that  fimple,  whofe  quantity  is  gjv- 
to  that  quantity  :   fb  is  each  of  the  other  differences,  fever- 
to  the  feveral  quantities" required. 

EXAMPLES. 

i.  A  merchant  has  40$)  of   tea,  al  6^.  per  ft,  which  he  would 
.      ;,vith  iome  at  5^.  8i/.  fome  at  5*.,  zdt  arsd  iornc  at  4^,  6^.  How 

rnnch 

•  it  of  oae  way  of  linki:' 

coition  between 
mpofeiheci    •  sfyihecocdi? 
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much  of  each   fort  muil  he  take,  to  mix  with  the  4cft,  that  he 
may  fell  the  mixture  at  Qs.  §d.  per  ft  ? 

ft 

10 

10 

14 

14  flands  againft  the  given  quantity. 

ft        ft  s.  d. 


As  14 


fio  :  28-5%  at  4  61 
:  40  ::  <  10  :  a8T^  —  5  2  Iperft. 
[14  :  40      —  5  8J 


2.  A  farmer  being  determined  to  mix  20  buftiels  of  oats,  at  21-, 
per  bufhel,  with  barley,  at  2s.  6d.  rye  at  41.  and  wheat,  at  5^.  6d. 
per  bufhel  ;  I  demand  the  quantity  of  each,  which  muft  be  mixed 
•with  the  20  bufhels  of  oats,  that  the  whole  quantity  may  be  worth 
4-r.  6d.  per  bufhel  ?  Ar.J.  20  of  barley»  20  of  rye,  and  lOO  of  wheat. 

g.  How  much  gold  of  j6,  20  and  24  carats  fine,  and  how  much 
alloy,  muft  be  mixed  with  1002.  of  18  carats  fine,  that  the  com- 
pofition  may  be  22  carats  fine  ? 

AnJ,  lOoz.  of  16  carats  fine,  iOof2O,  170  of  24,  and  10  of  alloy. 

ALTERNATION     TOT  A  i..* 
CASE         III. 

When  the.  rates  of  thejeveral  ingredients,  the  quantity  to  be  compound 
ed,  and  the  mean  rate  of  the  whole  mixture  are  given,  to  Jind  how 
much  of  eachjort  uill  make  up  the.  quantity  \ 

RULE.  —  Place  the  differences  between  the  mean  rate,  and  the 
feveral  prices  alternately,  as  in  Cafe  i  ;  —  then,  As  the  fum  of  the 
quantities,  or  differences  thus  determined,  is  to  the  given  quan 

tity, 

*  To  tliis  Cafe  belongs  that  curious  queftion  concerning  king  Hiero's  crown. 

Hiero,  king  of  Syracufe,  gave  orders  for  a  crown  to  be  made,  entirely  of  pure 
gold  ;  but  fufpe&ing  the  workmen  had  debafed  it  by  mixing  with  it  filver  or  cop 
per,  he  recommended  the  difcovery  of  the  fraud  to  the  famous  Archimides,  and 
defired  to  know  the  exaft  quantity  of  alloy  in  the  crown. 

Archimides,  in  order  to  detect  the  impofition,  procured  two  other  mafles,  the 
one  of  pure  gold,  and  the  other  of  filver,  or  copper,  and  each  of  the  fame  weight 
•with  the  former  ;  and,  by  putting  each  feparately  into  a  veflel  full  of  water,  the 
quantity  of  water  expelled  by  them,  determined  their  fpecifick  bulks  ;  from  w-hich 
and  their  given  weights  it  is  eafier  to  determine  the  quantities  of  gold  and  alloy  in 
the  crown  by  this  cafe  of  Alligation,  than  by  an  Algebraic  procefs. 

Suppofe  the  weight  of  each  mafs  to  have  been  ^ft,  the  weight  of  the  water  expel 
led  by  the  alloy,  230.2.  by  the  gold  1302.  and  by  the  crown  1602.  that  is,  that  their 
fpecifick  bulks  were  as  23.  13,  and  16,  then,  What  were  the  quantities  of  gold  and 
alloy  refpeftively  in  the  crown  ? 

Here,  the  rates  of  the  fun  pies  are  23  and  13,  and  of  the  compound  16  ;  whence, 
13  \  7  of  gold  )  And  the  fum  of  thefe  is  74-3  =  10,  which  fhould  have 
23__/3  of  alloy  >  been  bat  5,  whence,  by  the  rule, 

7   :  3£&°f  g°ld£   the'^r 
3  :  i|ft  of  alloy  J  the/f*> 
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tity,  or  whole  compofition  ;  fp  is  the  difference  of  each  rate,  to 
the  required  quantity  of  each  irate. 

EXAMPLES. 

1.  Suppofe   I    have  4   forts   of  currants,  at  8^.  I2d.  i8f.  and 
22d.  per  ft  ;  the  worft  will  not  fell,  and  the  belt  are  too  dcai  ;   I, 
therefore  conclude  to  mix  i  20  ft,  and  Ib  much  of  each  fort,  as  to 
fell  them  at  i6d.  per  ft  ;  How  much  of  each  fort  muft,  I  take  ? 

d.         ft  ft     ft 

6  r6  :  36  at    8^."\ 

ft  ft  I    2  ;    12  izd.  I       ^     ^ 

As  20  :  1 20  :  :  1  A.  :  a 4 —  i8d.  f 
U  :  48  — 22d.J 

Sum  m  20   •  mo 

2.  A  goldfmith  has  feveral  forts  of  gold  j  viz.  of  15,  17,  sc 

22   carats  fine,  and  would  melt  together,  of  all  thefe   iorts,  ib 
much  as  may  make  a  mafs  of  4o<?£.  A  8  carats  fine  ;  How  much 
of  each  fort  is  required  ? 
An/.  i60z.  15  carats  fine,  802s.  17,4^.  20,  and  iioz, of  2 2 carats  fine. 

3.  A  merchant  would  mix  4  forts  of  wine,  of  feveral  prices, 
viz.  at  4-r.  6jr.  8j.  and  91.  per  gallon  ;  of  thefe  he  would  have  a 
mixture  of  60  gallons,  worth  7^.  per  gallon  ;  What  quantity  of 
each  fort  muft  he  have  ? 

Anf.  il^-gal*  at  4*.  84  at  6j.  8|-  at  8^,  and  25^-  at  9^. 

4.  How  many  gallons  of  water,  of  no  value,  muft  be  mixed 
with  wine  at   41.  per  gallon,  ib  as  to   fill  a  veffel  of  Bo  gallons, 
that  may  be  afforded  at  2J.  yd.  per  gallon  ? 

Gal. 

f   ON.   15  Gal.  Gal.       Gal. 

3 1  4*^  33      As  48  .  8o  .  .  f  15  :  25  gallons  of  water  | 
.    — •  I  33  :  55  gallons  of  wine  j 

Sum  48 

CAS     E       IV.* 

When  more  than  one  of  the  /  ^d. 

RULE.— Find,  by  Alligation  Medial,  what  will  be  i.hc  rale  of 
&  mixture  made  of  the  given  quantities  of  the  -'.'Us  onlv  ; 

then,  confider  this  as  the  rate  of  a  limited  fanple,  whofe  qua>i 
the  Cum  of  the  firft  given  limited JimpUs'^  from  which  and  the 
of  the  unlimited  fimptes.  by  Cafe  2d,  calculate  the  quantity. 
EXAMPLES. 

i.  How  much  wine,  at  4^.  6rf.  and  at  5J-.  per  gallon,  muft  be- 
mixed  with  6  gallons  at  41.  and  6  gallons  at  3?.  per  gallon,  that 
the  mixture  may  be  worth  4*.  40*.  per  gallon  ? 

Limited 

*  The  three  laft  Cafes  need  no  demenftratlon,  as  the  ad  and  ;\ 
from  the  firftj  and  the  laft,  from  Alligatioa  Medial  and  the  fcocndWe  in  A 
Uu 
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Gal.  s.  Gal. 
Limited  fimples  {  ' 


:  4*  :  :  i  : 


12 

Now,  having  found  the  rate  of  the  limited  fimples,  the  quef- 
tion  may  ftand  thus  :  How  much  wine  at  4*.  6d.  and  $s.  per  gal 
lon,  mu  ft  be  mixed  with  12  gallons,  at  3^.  6d,  per  gallon,  that  the 
mixture  may  be  worth  4.?.  4^.  per  gallon  ? 

2+8110 


10      io  1P'  I  12  gal«  at  5-r.  J 

2.  How  much  gold,  of  14  ati4|6  carats  fine,  muft  be  mixed 
with  602.  of  19,  and  *2  of  a^^rats  fine,  that  the  compofition 
may  be  20  carats  fine  ? 

Anf.  i-^-g-os.  of  each  fort* 


POSITION. 

Pofition  is  a  rule,  which,  by  falfe  or  fuppofed  numbers,  taken 
at  pleafure,  difcovers  the  true  ones  required.  It  is  divided  int* 
two  parts  ;  Jingle  and  double,  ** 

SINGLE     POSITION. 

Single  Pofition  teaches  torefolve  thofe  queftions,  whofe  refults 
are  proportional  to  their  fuppofitions  :  Such  are  thofe  which  re 
quire  the  multiplication  or  divifion  of  the  number  fought  by  any 
propofed  number  ;  or  when  it  is  to  be  increafed  or  diminifhed 
by  itfelf  a  certain  propofed  number  of  times, 

RULE*  i.  Take  any  number,  and  perform  the  fame  operations 
tvith  it,  as  are  defcribed  to  be  performed  in  the  queftion. 

2.  Then  fay,  As  the  fum  of  the  errors  is  to  the  given  fum  *5 
io  is  the  fuppofed  number,  to  the  true  one  required. 

Proof.  Add  the  feveral  parts  of  the  fum  together,  and  if  it  a- 
grees  with  the  fum,  it  is  right. 

EXAMPLES. 

i,  A  fchoolmafler,  being  afkcd  how  many  fcholars  he  had,  faid, 
If  i  had  as  many  more  as  I  now  have,  three  quarters  as  many, 

half 

*  The  reafon  of  this  rule  is  obvious,  it  being  evident  that  the  refults  are  propor» 
;i  to  the  fuppofitions. 


Thus, 


*   -4-  x   &c,  :  x  i :   —  -4-  —  &c, ;  a.  and  fo  o»* 

n.    -1  n        m 
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half  as  many,  one  fourth  and  one  eighth  as  many,  I  fhould  then 

have  435  ;  Of  what  number  did  his  fchool  conuft  ? 
Suppofe  he  had  80          As  290  :  435  :  ;  80 

As  many  zz  80  80 

~  as  many  zz  60                      -  •  12O 

I  as  many  zz  40             29|o)348o|o(i2O  Anfzver,  120 

i  as  many  zz  20                       29  9° 

•£  as  many  zz  10                     •  60 

*-*-"•                     58  3° 

290                       58  15 


2.  A  perfon  lent  his  friend  a  fum  of  money  unknown,  to  re- 
eeive  intereft  for  the  fame  at  6/.  per  cent,  per  annum,  fimple  in- 
tereft,  and,  at  the  end  of  12  years,  received  for  principal  and  in 
tereft  86o/.  What  was  the  fum  lent  ?  Anf.  £500, 

3.  A,  B  and  C  joined  their  flocks,  and  gained  350^.  of  whic^ 
A  took  up  a  certain  fum,  B  took  up  four  times  fo  much  as  A,  and 
C,  eight  times  fo  much  as  B  ;  What  fhare  of  the^gain  had  each  ? 

£«      J.   d.    qrs. 

r     9    9  2  1^7.  A's  fhare. 

Anf.l    37  16  9  off-B's  ditto. 

I  302  14  o  2ff-C's  ditto. 

4.  A,  B,  C,  and  D  fpent  35^.  at  a  reckoning,  and,  being  a  lit 
tle  dipped,  they  agreed  that  A  fhould  pay  f  ,  B  f  ,  C  %,  and  D  *  ; 
What  did  each  pay  in  the  above  proportion  ? 

s.d. 
*3  4 

10  O 

6  8 
5  o 

5.  A  certain  fum  of  money  is  to  be  divided  between  5  men,  in 
fuch  a  manner  as  that  A  fhall  have  |,  B  |,   C  ^  D  ^,  and   E 
the  remainder,  which  is  40^.  ;  What  is  the  fum  ? 

Suppofe  200/.  then  l+i+To-HrV—  l2o. 

200  —  1  20  zz  So.     As  80  :  40  :  :  200  :  100  Anf. 

6.  A  perfon,  after  fpending  J  and  i  of  his  money,  had  26|./. 
left  ;  What  had  he  at  firft  ?  Anf.  £160, 

7.  A  and  B  talking  of  their  ages,  B  faid  his  age  was  once  and 
an  half  the  age  of  A  ;  G  laid  his  was  twice  and  one  tenth  the  age 
of  both,  and  that  the  fum  of  their  ages  was  93  ;  What  was  the 
age  of  each  ?  Anf.  A's  12,  B's  t8,  and  C's  63  years. 

8.  A  veffel  has  3  cocks,  A,  B   and  C  ;  A  can  fill  it  in  ~  an 
hour,  B  in  |  of  an  hour,  and  C  in  -|.  of  an  hour  ;  In  what  time 
will  they  all  fill  it,  together  ?  Anf.  |.  hour. 

19.  A  perfon  having  about  him  a  certain  number  of  dollars,  faid 

that 
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that  |-j  },  3-5  and  |-  of  them  would  make  57  ;  Pray,  how  marly 
had  he  ?  Anf.  6o» 

10.  A  gentleman  bought  a  chaife3  horfe  and  harnefs  for  ioc/. 
the  horfe  coft  J  more  than  the  harnefs,  and  the  chaife  ^  more 
than  the  horfe  ;  What  was  the  price  of  each  ? 

A*f.  Harnefs  /25|*.     Horfe  £31$$.  •  Chaife  £4 2||. 

11.  A  and  B,  having  found  a  purfe  of  money^  difputed   who 
fiiould  have  it  :  A  faicl  that  -J,  •£$  and  fa  of  it  amounted  to  35^. 
and  if  B  could  tell  him  how  much  was  in  it,  he  ihould  have  the 
whole,  othetwife  he  ihould  have  nothing  ;  How  much  did  the 
purfe  contain  ?  AnJ.£\OO. 

12.  A  gentleman  divided  his  fortune  among  his  fons  ;   to  A 
he  gave  9^.  as  often  as  to  B  5^.  and  to  C,  but  $L  as  often  as  to  B 
7/.  yet  C's  portion   carne  to   1050^.  ;  What  was   the  whole  ef- 
tate  ?  Anf.  £79*6^F. 

13.  Seven  eighths  of  a  certain  number  exceeds  four  fifth s^by 
6  ;    \Vhat  is  that  number  ?  Anf.  So. 

14.  What  number  is  thai,  which,  being  increafed  by  -|,  f-  and 
-|-  of  iifelf,  the  fum  will  be  234 1  ?  An).  90, 

DOUBLE       POSITION. 

Double  Pofition  teaches  to  refolve  queflions  by  making  two 
fuppofitions  of  f'iaie  numbers, 

Thofe  sjueftioris,1  in  which  the  refults  sre  not  proportional  to 
their  pofitions,  belong  to  this  rule  :  Such  are  thofe.  in  which 
the  number  fought  is  increafed  or  diminifhed  by  fome  given 
number,  which  is  no  known  part  of  the  number  required. 

RULE*  t. — Take  any  two  convenient  numbers,  and  proceed 
with  each  according  to  the  conditions  of  the  queftion. 

2.  Place  the  reiult  or  errors  againft  their  petitions  or  fuppofed 
Pof.  Err. 

30  V12 

numbers,  thus,       ^C        and  if  the  error  be  too  great,  mark  it 

co       ^  6 
with  4-  ;  and  if  too  fmall  with  — .  3.  Multiply 

*  The  rule  is  founded  on  this  fuppofitiorj,  that  the  firft  error  is  to  the  feeend,  as 
the  difference  between  the  true  and  firft  fuppofed  number  is  to  the  difference  be- 
;he  true  and  iecond  fuppofed  number  :  When  that  is  not  the  cafe,  the  exaft 
anfwer  to  the  queilion  cannot  be  found  by  this  rule. 

That  the  rulejs  true,  according  to  the  fuppofition,  may  be  thus  dcmonftrated. 

Let  A  and  B  be  any  two  numbers  produced  from  a  and  b  by  fimilar  operations^ 
it  is  required  to  fiud  the  number  from  which  N  is  produced  by  a  like  operation. 

Put  xrr: number  required,  r-nd  let  AT — A\=z  r,  and  N—J1—  s.  Then,  according 
to  the  fuppofition  en  which  the  rule  is  founded,  r  :  s  :  :  x—a  :  #— t>t  whence,  by 
multiplying  means  and  extremes,  rx — rf>=zsx~ sa.\  and  by  tranfpofition,  rx—ix 

^z  rl — so,  ;  and  by  dwfion,  x  =:  — — —  ^r  number  fought  ;  and  if  r  and  -s  be  boih 
-"•:corcja  is  the  fams,  and  if  r  or  j  be  negative,  x  will  be  equal  to — 
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3.  Multiply  them  croflwife  ;  that  is,  the  fir  ft  pofition  fc 
iaft  error,  and  the  laft  pofition  by  the  fir  ft  error. 

4.  If  the  errors  be  alike,  that  is,   ; 

great,  divide  the  difference  of  the  p;  ;:c  of 

the  errors,  and  the  quotient  will  be  the  anfwer. 

5.  If  the  errors  be  unlike  ;  that  is,  one  too  frnau  e  eth 
er  too  great,  divide  the  fum   of  the  pro\lu£is  by  ; 

errors,  and  the  quotient  will  be  the  anfwer, 

Note,  When  the  errors  are  the  fair, 
in  quality5  half  the  fum  of  the  iuppofitio 

EXAMPLES. 

I.  A  lady  bought  damafk  for  a  gown,  at  8,r.  per  yard,  and,  lin 
ing  for  it  at  3^.  per  yard  ;  the  gown  and  lining  contained  15 
yards,  and  the  price  of  the  whole  was  3^.  ioj.  ;  How  many  yards 
there  of  each  ? 

Suppofe  6  yarcls  damafk,  value  481. 
Then-file  mud  have  9  yards  of  lining,  value 

Sum  of  their  values  —  751. 
So  that  the  firfl  error  is  ,5  too  much,  «r-f-5 
Again,  fuppofe  {he  had  4  yards  of  damr.fk,  value  .32.5-. 
Then  (he  mud  have  1 1  yards  of  lining,  valu 

Sum  of  ilieir  values  rz  65^. 
So  that  the  fecond  error  155  too  little,  or  — 5^. 

6 ^7-5+  £•'.   d. 

Then       5C  5  yds.  at  8.r.  rrr  2     o  o 

4         5 —       \Oyds.  at  3^.  zz  i    10  o 


20       30  3   10  o  proof. 

20 

Sum  of  err.rr5-f-5n:  10)50 

Anf.  $yds.  damafk,  and  15—5  zz  lO^.Hning. 
Or,  64-4-f-2~5  as  before. 

2.  A  and  B  have  the  fame  income  ;  A  faves  |-  of  his  ;  but  B, 
by  fpending  30^.  per  annum  iftore  than  A,  at  the  end  of  8  years 
finds  himfelf  40^.  in  debt  ;  What  is  their  income,  and  what  does 
each  fpend  per  annum  ? 

Anf.  Their  income  is  2Co/.  per  arm. 


^ 
I 


too  4o-f-  Alfo.  A  fpends  i  ;5/.andB  205*.  per  an- 

r.um.     Then  80—  10^^:70  A's  expenfe  per  annum,  and  70-1-30 
rz  ico,  B's  expenfe  per  annum.     Then  ioox&  —  ^'0X8  ^r  160, 
which  fhould  have  been  4©  ;  therefore,  160  —  40—  r  i  20  rnor. 
it  fliould  be,  for  the  fiift  error.     In.  like  cian 
i.ec':.?>d  error, 

3.  A 
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3.  A  and  B  laid  out  equal  fums  of  money  in  trade  :  A  gatnod 
a  fum  equal  to  J  of  his  ftock,  and  B  loft  225^.  then  A's  money 
v/as  double  that  of  B  ;  What  did  each  lay  out  ? 


f300xr 

4          >C 
[900 


Suppofe  4          >C  Anf.  £600. 

225— 

4.  A  labourer  was  hired  for  60  days,  upon  this  condition,  that, 
for  every  day  he  wrought,  he  (hould  receive  gs.  4^.  ;  and  for 
«very  day  he  was  idle,  {hould  forfeit  is.  8d.  ;  at  the  expiration 
of  the  time  he  received  3^  i$s.  How  many  days  did  he  work, 
and  how  many  was  he  idle  ? 


Suppofe  he  worked  <        yC 

Uo        300+ 
Anf.  He  was  employed  35  days,  and  was  idle  25. 

5.  A  gentleman   has  two  horfes  of  considerable  value,  and  a 
carriage  worth   \ool.  ;  now,  if  the  firfl  horfe  be  harnefled  in   it, 
he  and  the  carriage  together  will  be  triple  the  value  of  the  fec- 
ond  ;  but  if  the  fecond  be  put  in,  they  will  be  7  times  the  value 
of  the  firft  ;  What  is  the  value  of  each  horfe  ? 

32X/.   80—  . 
Suppofe     ^X 

44         160  — 
AnJ.  One  £  20,  and  the  other  £40. 

6.  There  is  a  fifli,   whofe  head  is  10  feet  long  ;  his  tail  is  as 
long  as  his  head  and  half  the  length  of  his  body  ;  and  his  body 
as  long  as  the  head  and  tail  ;  What  is  the  whole  length  of  the  nfh  ? 

Head  rr  10 

Firftj  fuppofe  the  body  20  -^^  10  —      Tail  nr  30 

V  Body  —  40 

ad  fuppofe  it  30         5  — 

AnJ.  80  feet. 

7.  What  number  is  that,  which,  being  increafedby  its  •§,  its  |, 
and  5  more,  will  be  doubled  ? 


Suppofd 

Anf.  20. 

8.  A  farmer  having  driven  his  cattle  to  market,  received  for 
them  all  80^,  being  paid  at  the  rate  of  61.  per  ox,  4/,  per  cow,  and 
*/.  los.  per  calf  ;  there  were  as  many  oxen  as  cows,  and  4  times 
as  many  calves  as  cows  ;  How  many  were  there  of  each  iort  ? 

6  !&+ 

Suppofe  cows       X. 

J2  112  + 

Artf.  <;  oxen.  5  cows,  and  20  calves. 

.  9.  A,  B  and   C  built  a  fhip,  which  coft  the:n  iGOO/.  of  which 
A  paid  a  certain  fum3   B  paid    too/  v,  and  C  icc^. 
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more  than  both  ;  having  finifhed  her,  they  fixed  her  for  fea  with 
a  cargo  worth  twice  the  value  of  the  fhip  :  The  outfits  and 
charges  of  the  voyage  amounted  to  J  of  the  fhip  ;  upon  the  re 
turn  of  which,  they  found  their  clear  gain  to  be  |-  of  -|  of  the  vef~ 
fel,  cargo  and  expenfes  ;  Pleafe  to  inform  me  what  the  fhip  coft 
them,  Severally  ;  what  (hare  *each  had  in  her,  and  what,  upon 
the  final  adjuflment  of  their  accompts,  they  had  feverally  gained? 

100^^300— 
Suppofe  it  coft  A 


200         ico-f- 

A  owned  -^  of  the  Ihip,  which  coft  him  175^.  and  his  fhareof 
the  gain  was  2i8/.  151.  B  owned  J£,  which  coft  275^.  and  his 
gain  was  343^.  15*.  C  owned  ^£,  which  coft  550^,  and  his  gaia 


PERMUTATIONS  and  COMBINATIONS. 

The  permutation  of  quantities  is,  the  fhewing  how  many  dif 
ferent  ways  any  given  number  of  things  may  be  changed. 

This  is  alfo  called  variation,  alternation,  or  changes  j  and  the 
only  thing  to  be  regarded  here  is  the  order  they  ftand  in  ;  for 
no  two  parcels  are  to  have  all  their  quantities  placed  in  the  fame 
fituation. 

The  Combination  of  Quantities  is  the  fhewing  how  often  a  lefs 
number  of  things  can  be  taken  out  of  a  greater,  and  combined 
together,  without  confidering  their  places,  or  the  order  they 
ftand  in. 

This  is,  fometimes,  called  ekElion,  or  choice  j  and  here  every 
parcel  muft  be  different  from  all  the  reft,  and  no  two  are  to  have 
precifely  the  fame  quantities,  or  things. 

The  Compofition  of  Quantities  is  the  taking  of  a  given  num 
ber  of  quantities  out  of  as  many  equal  rows  of  different  quanti 
ties,  one  out  of  every  row,  and  combining  them  together. 

Here  no  regard  is  had  to  their  places  ;  and  it  differs  from 
Combination  only  as  that  admits  but  of  one  row  of  things. 

Combinations  of  the  fame  form  are  thofe  in  which  there  are 
the  fame  number  of  quantities,  and  the  fame  repetitions  ;  thus, 
abcc,  bbad,  deef.  &c.  are  of  the  fame  form  ;  but  abkct  abbb9  aaoc  are 
of  different  forms. 

PROBLEM     I. 

To  find  the  number  of  permutation  s9  or  changes,  that  can  be  made  of 
any  given  number  of  things,  all  different  from  each  other. 

RULE.* — Multiply  all  the  terms  of  the  natural  feries  of  num 
bers,  from  i  up  to  the  given  number,  continually  together,  and 
the  lail  product  will  be  the  anfwer  required.' 

EXAMPLES. 

*  The  reafon  of  this  rule  may  be  ftiewn  thus,  any  ene  thing  a  i$  capable  of  one 
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::   A    M    P    L    E    s. 

1.  Cbrift's  church,  in  Bofton,  has  8  bells;  How  many  changes 
may  be  runrj  on  them  ? 

1X2X3X4X5X6X7X8  =  40320  AnJ* 

2.  /  .crnen  ritct  at  an  inn,  and   were  fo  pleafed  with 
their  with  each   other,  that  in  a  frolic  they  agreed  to 
tarry  fo  long  as  they,  together  with  their  hofl,  could  fit  every 
day  in  a  different  pofition  at  dinner  ;  Pray  how  long,  had  they 
kept  their  agreement,  would  their  frolic  have  la  fled  ? 

9941  IM  >'ears' 


3.  How  many  changes,  or  variations,  will  the  alphabet  admit 
of?  Anf.  620448401733239439360000. 

PROBLEM     II. 

Any  number  of  different  things  being  given,  to  find  how  many  changes 
can  be,  made  out  of  them,  by  taking  any  givey  number  of  quantities 
at  a  time. 

RULE.*—  Take  a  feries  of  numbers,  beginning  at  the  number 
of  things  given,  and  decreafing  by  i,  to  the  number  of  quanti 
ties  to  be  taken  at  a  time  :  *The  product  of  all  the  terms  will  be 
the  anfwer  required. 

SAMPLE    S. 

i.  How  many  changes  may  be  rung  with  4  bells  out  of  8  ? 


56 
6 

Or,  8X7X6X5  (=4  terms)  =  1680  Anf. 
S36 
5 

1680 

-  2.  How  many  words  can  be  made  withr6  letters  of  the  alpha-  -{ 
bet,  admitting  a.  number  of  confonants  may  make  a  word  ? 

Anf.  96909120.1 


Any  two  things  a  and  b  are  capable  of  two  variations  only  ;  as  aby  ba  ;  whofe 
number  is  expreifed  by  i  X2- 

If  there  be  three  things  at  b  and  c  ;  then  any  two  of  them,  leaving  out  the  third,5 
v.til  have  tX2  variations  ;  andconfequently  when  the  third  is  taken  in,  there  wil| 
be  i  X2X3  variations  ;  and  fo  on,  as  far  as  you  pleafc. 

*  This  Rule,  expveffed  in  terms,  is  as  follows  ;  m^m—  iX^—sX77'—  '3  &c' 

:r  of  things  given,  and  n  zz  quantities  to  be  uk.cn  «t 
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PROBLEM     III. 

/;;:>'  number  of  things  b  dug  given,  thereof  there  are  Jcveral  things  of 
one  Jorttjcveral  of  another,  &c.  tojind  how  many  chafges  m. 
tnade  out  of  them  all. 

RULE*  i.  —Take  the   feries  i  X  2X3X4?    &c.  up  to  the  num 
ber  of  things  giveiij  and  find  the  product  of  all  the  terms. 

2.  Take  the  feries  1X2X3X4?  &c.  up  to  the  number   of  the 
given  things  of  the  firft  fort,  and  the  feries,  1X2X8X4?  &c.  up 
to  the  number  of  the  given  things  of  the  fecoiid  fort,  &c. 

3.  Divide  the  product  of  all  the  terms  of  the  firft  feries  by  the 
joint  produ£t  of  all   the  terms  of  the  remaining  oneSj  and  the 
quotient  will  be  the  ^nfwer  required. 

EXAMPLES. 

i.  How  many  variations  may  be  made  of  the  letters  in   the 
word  Zaphnathpaaneah  ? 


number  of  letters  in  the  word)  :zr  1307674368000. 

1X^X3X4X5  (  =  number  of  as)  —  120 

i  X  2  (  ~  number  of  ps)  —      2. 

i         (  nz  number  of  ts)  rz       i 

i  X  2  X  3  (  —  number  of  hs)  ±r      6" 

i  X  2  (  —  number  of  ns)  —       2 

2X6XiX2Xi  20  i=r  2880)13076-  4540^3600  Anf. 

2,  How  many  difFerent  numbers  can  be  made  of  the  following 
figures,  1223334444  ?  Anf.  12600. 

PROBLEM     IV. 

To  find  the  number  of  combinations  of  any  given  number  of  things  ^  all 
different  from  one  another^  taken  any  given  number  at  a  time.. 

RULE 
*  This  Rule  is  exprcffed  in  term,  thus  ;  __  0^X3X4X5.^^ 


whence  m  ir:  number  of  things  givtn,  p  ~  number  of  things  of  the  Hril  fort,  q  rz: 
number  of  things  of  the  fecond  fort,  &c. 

Any  2  quantities,  a,  bt  both  different,  admit  of  2  changes  ;  bul  if  the  quantities 
are  the  fame,  or  ab  become  aa,  there  will  be  only  one  alteration,  which  may  be  ex- 

preffed  by  -       =  i. 


Any  3  quantities,  a,  It,  c.y  all  different   from  each  other,  admit  of  6  variations; 
but  if  the  quantities  are  all  alike,  or,  a,  b  c  become  aaz,  then  thefi  variations  \viii  be 

j  yr  r>  \x  a 

reduced  to  i,  which  may  be  exprefTed  by  -  —  -  rr;  i.     Again,  if  two  quan. 

^  X^  /s  3 

tities  out  of  three  are  alik?,  or  abc  become  aac  ;  then  the  6  variations  will  be  re- 

1  ys  ^  vx  •> 

duced  to  thefe  3,  aac.y  caat  acx9  which  may  he  cxpreflcd  by  —  TT~"  :^  3« 
of  any  greater  number, 

XK 
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RULE*  i.-^Take  the  feries  i,  2,  3,  4,  &c.  up  to  the  number 
to  be  taken  at  a  time,  and  find  the  product  of  all  the  terms. 

2.  Take  a  feries  of  as  man*  terms,  decreanng  by  i,  from  the 
given  number,  out  of  which  the  election  is  to  be  made,  and  find 
the  produft  of  all  the  terms. 

3.  Divide  the  laft  product  by  the  former, and  the  quotient  will 
be  the  number  fought. 

EXAMPLES. 

1 .  How  many  combinations  may  be  made  of  7  letters  out  of  1 2  ? 

1X2X8X4X5X6X7  (~the  number  to  be  taken  at  a  time)— 5040. 

1 2  X  1 1  X  *°X  9  X  &  X  7  X  6  (mfame  number  from  1 2)  ™  399 1 680. 

5040)399*680(792  Anf. 

2.  How   many  combinations  can  be  made  of  6  letters  out  of 
the  24  letters  of  the  alphabet  ?  Anf.  134596. 

3.  A  general  was  afked   by  his  king,  what  reward  he  fhould 
confer  on  him  for  his  iervices ;  the  general  only  required  a  pen 
ny  for  every  file,  of  10  men  in  a  file,  which  he  could  make  out 
of  a  company  of  90  men  ;  what  did  it  amount  to  ? 

AnJ.  £23836022841   7J.  iiyl-f^ 

4.  A  farmer  bargained  with  a  gentleman  for  a  dozen  fheep.  (at 
a  dollars  per  head)  which   were -to  be  picked  out  of  2  dozen  ; 
but,  being  long  in  choofing  them,  the  gentleman  told  him  that 
if  he  would  give  him  a  penny  for  every  different  dozen   which 
might  be  chofen  out  of  the  two  dozen,  he  fhould  have  the  whole, 
to  which  the   farmer  readily  agreed  ;  Tray  what  did  they  cofl 
him?  Arifr£ii2.bj  6s.  ^d. 

5.  How  many  locks,  whofe  wards  differ,   may  be  unlocked 
with  a  key  of  6  fevera!  wards  ?  Anf.  63  :  6  of  which 

may  have  one  fingle  ward,  15  double  wards,  20  triple  wards., 
15  four  wards,  6  five  wards,  and  i  lock,  6  wards. 


Wards. 


3 

in 


Locks. 
6- 

15 

20 

*5 
6 


Wards. 


Locks, 


m  5  = 


PROBLEM 


m        m — i       n — 2       m — 3 
*  This  P.ule,  expieffed  algebraically,  is   —  X X X •'  &c.  t» 

?;  terms  ;  \vbeie  m  is  the  number  of  given  quantities,  and  «,  thofe  to  be  taken  at  a 
time. 

Note,  In  any  given  number  of  quantities,  the  number  of  Combinations  increafcs 
gradually  till  you  come  about  the  mean  numbers,  and  then  giadually  decrcafe.  If 
ilie  number  ot  quantities  be  c.vtn,  Jialf  the  number  of  places  will  fhew  the  greatcit 
number  of  Combinaiions,  that  can  be  made  of  thofe  quantities  ;  but  if  odd,  thc» 
rhoic  2  numbers  which  are  the  middle,  aiul  v.hofe  fui»  is  equal  to  the  given  uum. 
iitr  »f  ouaatio«|  will  jjhew  Ae  greatcit  number  of  Cgmbinations. 
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PROBLEM     V. 

To  Jind  the  number  of  combinations  of  any  given  number  of  things  t  by 
taking  any  given  number  at  a  time  j  in  which  there  arejeveral  things 
of  6nefort,Jeveral  of  another ,  &c. 

RULE,— Find  the  number  of  different  forms,  which  the  things, 
to  be  taken  at  a  time,  will  admit  of,  in  the  following  manner  : 
I  i.  Place  the  things  fo  that  the  greateft  indices  may  be  firft, 
and  the  reft  in  order. 

2.  Begin  with  the  firft  letter,  and  join  it  to  the  fecond,  thir.d, 
fourth,  &c.  to  the  laft. 

3.  Join  the  feccvnd  letter  to  the  third,  fourth,  &c.  to  the  laft  ; 
and  fo  on  till  they  are  all  done,  always  rejecting  fuch  combina 
tions  as  have  occurred  before  ;  arid  this  will  give  the  combina 
tions  of  all  the  twos. 

4.  Join  the  firft  letter  to  every  one  of  the  twos  ;  then  join  the 
fecond,  third,  &c.  as  before  ;  and  it  will  give  the  combinations 
of  all  the  threes. 

5.  Proceed  in  the  fame  manner  to  get  the  combinations  of  all 
the  fours,  fives,  &c.  and  you  will  at  laft  get  all  the  kverzl forms 
of  combination,  and  the  number  in  each  form. 

6.  Having   found  the  number  of  combinations  in  each  formt 
add  them  all  together,  and  the  fum  will  be  the  number  required. 

EXAMPLE. 

i«  Let  the  things  propofed  be  aaabbc  ,*  It  is  required  to  £nd 
the  number  of  combinations  of  every  2,  of  every  3,  and  of  every 
4  of  thefe  quantities. 

Combinations  at  large.       Forms.  Comb,  in  each  form. 

abtacjc  3 


bb^bc  5  zz  fum  of  the  twos. 
be 

a*  i 

aab^aab^aac  abc  i 

abb^abc  — 

bbc  6  zz  fum  of  the  threes. 


2 
i 

abbe  Wbdb^ac  2 


aabbtaabc  azb*  i 


5  zz  fum  of  the  fours. 

'dnf.  5  Combinations  of  every  2 ;  6,  of  every  3,  ind  5  of  every 
4  quantities. 


g48        PERMUTATIONS  AND  COMBINATIONS. 
PROBLEM     VI. 

To  find  the  changes  of  any  given  number  of  things,  taken  A  given  num- 
bir  at  a  timt\  in  which  there  arejeveral  given  things  ofonejort,jev~ 
tral  of  another,  &c. 

RULE  i. — Find  all  the  different  forms  of  combination  of  all 
the  given  things,  taken,  as  many  at  a  time,  as  in  the  cjueftion,  by 
Problem  5. 

2.  Pin'-t  the  number  of  changes  in  any  form,  (by  Problem  3.) 
and  multiply  it  by  the  number  of  combinations  in  that  form* 

>o  the  fame  for  every  diftincl:  form,  and  the  fum  of  all  the 
•produces  will  give  the  whole  number  of  changes  required. 

EXAMPLE. 

i.nny  changes  can  be  made  of  every  4  letters  out  of 

ihefe  6  ;  aazbbc  ? 

l\o.  efjotms.     Comb.  Changes. 

|iX2X3X4  =:^4___ 

2" 

i 

b*GC  \2 


i.X*XS        ="6- 

O     I  r 

I  f      l!"x2X^X2  =24=:  6\ 
2j       |iX2X3X4  =a4_Ig| 

llX2  =2-  J 


2X   4—    8 
Therefore,  J-iX 

.2  ~  24 


38  zz  number  of  changes 
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AJhort  method  of  reducing  a  Vulgar  FraElien  into  its  equivalent  Deci 
mal,  by  Multiplication* 

R    U    L    E. 

DIVIDE  unity  or  i  by  the  denominator,  till  the  remainder  is 
a  fingle  figure,  lO,  100,  &c.  if  convenient,  then  multiply 
the  whole  quotient,  including  the  remainder  after  diviuon,  by 
the  remainder  (which  is  now  the  numerator,  and  the  divifor, 
the  denominator)  and  annex  the  product  to  the  quotient,  then 
multiply  the  quotient,  thus  increafed,  by  the  laft  numerator,  and 
annex  the  produ6fc  to  the  increafed  quotient  ;  and  thus  it  may 
be  reduced  to  what  exa&nefs  you  pleafe.  But  if  the  numerator 
of  the  given  fraction  exceed  i,  you  muft  finally  multiply  the  laft 
product  by  the  faid  numerator. 

EXAMPLES. 

l.  Reduce  -^  to  its  equivalent  decimal. 

26)1  ,00  (,03846  JL.  This  multiplied  by  4  (the  numerator)  is  ,  1  5384.*^.  -—  ^ 

7**  Which  annexed  to  the  quotient  ,03846  is  50384615384^. 

And  ,038461  5384  JL.X  8  and  annexed  to  the  laft  produft 

208  *  =  ,0384^5384307692307611  &c. 


160 

— 
•4 

Reduce 

and  ,0040650^X10  r=  ,0040650-111. 

and  this  annexed  to  the  quotient  is  5004065406501.5^,  and  this 
multiplied  by  the  given  numerator  5,  is  ,02032703252-^1^.. 
For  any  number  of  pounds,  avoirdupois,  under  28,  multiply 
the  decimal  ,00892857  by  the  given  number  of  pounds,  which 
generally  gives  the  decimal  true  to  the  fixth  place. 
Afnort  method  of  finding  the  duplicate,  triplicate,  £s?c.  Ratio  of  any 
tzuo  numbers,  whoje  difference  is  f  mall,  compared  with  the  tzao  numbers. 

For  the  Duplicate  Ratio. 

RULE.  —  Affume  two  numbers,  whofe  difference  is  fmall  ;  fub- 
traft  half  their  difference  from  the  leaft,  and  add  it  to  the  great- 
eft,  and  the  two  numbers,  tBus  found,  will  be  in  the  fame  pro. 
portion  nearly  as  the  fquares  of  the  alfumed  numbers. 

EXAM  P   L  E. 

Let  the  aflumed  numbers  be  10  and  11  :  Then  11  —  lOrri. 
20—  ,5  zz:  9,5  and  1  1  +.5  zr  11.5. 

Proof,  As  10?  :  ii2  :  :  9,5  :  11,5  nearly. 

For  a  Triplicate  Ratio. 

P-ULS,—  Subtraft  the  difference  of  the  a  (Turned  numbers  from 

the 
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the  leafl,  and  add  it  to  the  greateft,  and  the  numbers,  th"$  ob-* 
tained,  will  be  in  the  fame  proportion  nearly  as  the  cubes  of  the 
afTumed  numbers. 

Letthenumbersbe  iS^and  165:  Then  165—  164^1:  i,  164—  -inr 
163  &  165-1-1  —  166.  Proof,  As  1643  :  165*  :  :  163  :  166  nearly. 

For  a  quadruplicate   proportion  fubtraft,  and  add  once   and  a 
half  the  difference,  and  fo  on,  for  each  higher  power,  increafing 
the  number  to  be  fubtra&ed  and  added  by  ,5. 
To  reduce  a  Ratio,  confifting  of  large  numbers,  to  its  leafl  Terms,  and 
very  n.  irly  of  thejame  value. 

RULE  i.  —  Divide  the  greater  of  the  terms  by  the  lefs,  and  the 
laft  divJTor  by  the  remainder,  and  fo  on  continually,  till  nothing 
remain,  in  the  fame  manner  as  we  get  the  greateft  common  mea£- 
ure  for  reducing  a  vulgar  fraction  :  This  will  give  a  number  of 
ratios,  from  which  we  can  choofe  one  that  will  fuit  our  purpofe. 

2.  Place  the  firft  quotient  under  unit  for  the  firft  ratio  ;  mul 
tiply  that  by  the  next  quotient,  adding  nothing  to  the  numerator, 
and  i  to  the  product  of  the  denominator  for  a  new  denominator, 
and  it  will  give  a  fecond  ratio,  nearer  than  the  firft  :  Then,  mul 
tiply  the  laft  ratio  by  the  next  quotient,  adding  the  preceding 
ratio,  and  fo  on  continually  till  you  have  go.ne  through. 
EXAMPLES. 

i.  Sir  Ifaac  Newton  has  demonftrated,  in  his  Principia,  that 
the  velocity  of  a  comet,  moving  in  a  parabola,  is  to  that  of  a 
planet,  moving  in  a  circular  orb,  at  the  fame  diftance  from  the 
fun,  as  t/  2  to  i«     Let  this  be  taken  for  an  example. 
^/  2  m  1,4142  ;  Thofe  motions,  then,  are  as  1,4142  to  i  ;  or  as 

24142  to  lOOOO  ? 

10000)14142(1  ± 

locoo  Then  —  zr  nrit  ratio. 


-= 

iX_a-f  j  =   3 

I7i6)4i4a(«  .        1x^+1—    5 

3432  -  -  =  third.* 

3X*4-i~  7 
710)1716(2  7^4-2  —  12 

—  zr  fourth. 


1^6)710(2 

592  12V2-4-C  -  20 

'  " 


"—,=  fifth,  &c. 


60)118(1 
60 


8(29 


58  4.  Gcom«te» 

*  The  laU  frofejor  Winthrop  chofe  7  to  5  for  a.  t 
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s.  Geometers  have  found  the  proportion  of  the  circumference 
•f  a  circle  to  its  diameter,  to  be  as  3,1416  to  i  :  Let  this  ratio  b« 
reduced, 

a«oco)3i 416(3 
30000 


Then 


1416)10000(7 
991* 


rr:  firft  ratio. 

_  =toBd. 


3X7+1     = 

7Xi6-fi  =113 

—       -  ,        r=  third  : — This  is 

22X16+3=355  the  ratio  generally 
made  ufe  of,  and 
is  fuffrciently  exaft 
for  very  nice  cal 
culations. 

3.  The  area  of  a  circle  is  to  its  circumfcribing  fquare,  35,7854 
to  i,  very  nearly  :  Let  this  be  reduced. 


88)1416(16" 
88 

"$36 
5*1 
8)88(it 
88 


7854)10000(1 
7854 

Then 

—  zz  firft  ratio. 

i 

2146)7854(3 
6438 

Tx3+i  = 

—  rz  fecond. 
4 

1416)2146^1* 
1416 

3X1  +  1  zz 
4X1  +  1  — 

-  =  third. 

730)1416(1 

73° 

5Xi+!  = 

—  =  fourth. 
9 

'686)730(1 

7xT+4  = 

—  nr  fifth.  —  This 



9Xi+5  = 

*4     is  very  exaft, 

44)686(15 
44 

and  the   pro 

portion  gener 

246 

*2O 

ally  ufed. 

Therefore,  As  1 4  :   1 1  : :  the  fquare  of  the  diameter  of  a  circle  to 

its  area. 

To  eftiinat-e  the  Defiance,  of  Objects  on  Uvel  ground,  or  at  Jeas  having 
only  the  height  given, 

RULE  i» — To  the  earth's  diameter  (viz.  42056462  feet,)  add 
the  height  of  the  eye,  and  multiply  the  fum  by  that  height,  then 
the  fquare  roctof  the  product  is  the  diflance,  at  which  an  obje&on 
the  fur  face  of  the  earth  or  water,  can  be  feen  by  an  eye  fo  elevated. 

£«  As  objects  are  fcen  in  aftraight  line,  and  tbat  line  is  a  tangent 
to  the  earth's  furface  ;  therefore,  To  find-  the  dijlance  of  two  elevated 
objects,  when  the  right  line  joining  them  touches  the  earth'sjurface  between 
thoje  ohjtds,  (for  in/lance,  the  line  from  the  tye  of  the  chjeryer  to  the  dij- 
tance  found  by  the  jirjt  part  of  the  ride,  and  from  thence  to  the  objetl  ;) 
work  for  each  object  feparatoly,  and  the  fum  of  the  fquare  roots 
cf  the  products  is  the  diilance  of  the  two  objects  from  each  other. 

How 
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Haw  far  may  a  mountain  be  feen  on  level  ground,  or  at  fea? 
^hich  is  a  mile  high,  fuppofing  the'eye  of  the  obferver  elevated 
5  feet  above  the  furface  ? 

^45056462  4-  5   X   5      •==  2S7'46  mile's. 
-V/420564b24-528oX528o  zr  89,253  miles. 

Anf.  91,999  miles. 

To  tjlimatt  the  Height  of  Objects  en  level  ground,  cr  atfea^hamng  only 
the.  di/lance 


RULE  f.  —  From  the  given  diftance  take  the  diflance,  which, 
the  elevation  of  your  eye  above  the  furface  will  give,  found  by 
the  laft,  Problem.  • 

2.  Divide  the  fquare  of  the  remainder  in  feet  by  420,56462 
feet,  and  the  quotient  will  be  the  height  required. 

Being  on  my  return  from  a  foreign  voyage,  and  finding  by  my 
reckoning  I  was  about  5  J  leagues  from  Bofton  lighthoufe,  it  be 
ing  in  the  dufk  of  the  evening,  with  my  telefcope  I  defcried  the 
lamp  of  the  light  houfe  in  the  horizon,  at  which  time  my  eye 
was*  elevated  6  feet  above  the  furface  of  the^Water  :  Now,  fup- 
pofmg  my  reckoning  to  be  true  ;  What  is  the  height  of  the  light 
houfe  above  the  water  ?  .  _ 

f  leagues  ~z  16.5  miles.;   then  16,5  — 


13*943  mileszr:  73619  feet  nearly,  and  73619X736  19-:-  4  2105646  2 
r~  1  29  feet  nearly,  Anf. 

MISCELLANEOUS     QUESTIONS,    with  the 
METHOD  ^/"SOLUTION. 


a.  What  part  of  9^?.  is  -|  of  7^. 


L^Handi^li^i^li    Anf, 

1  * 


015  *         5        9X5      45 

2.  What  number  is  that,  from  which  |-  being  taken,  the  re« 
mainder  will  be  -|-  ? 

i  +  r=iHd±^=i5  A 

5         7  5X7  35 

g.  What  number  is  that,  to  which  if  f  of  *T2  of  |f|  be  added, 
the  total  will  be  i  ? 

5    f  II    f  tgg  _  4644        d  ^        4644  _  T  X  1Q955— 
7  °    ~5  °   3^3  "~  10955'  *       x  ""  10955  ""  *  X  1O95.5 

'  109S5 
4.  What  number  is  that,  of  which  19-^-  is  -|  ? 
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5.  In  an  orchard  of  fruit  trees,  -£  of  them  be 

1  oiumbs,  60  of  them  peaches,  and  40  cherries  ;  IL.< 
does  the  orchard  contain  ? 

H-I-K  =  -H>  *nd  11- Yi  =  TV  5  therefore,.  As  .;  : 
:  :  II  :  1200  /!»/. 

6.  A  perfon,  who  Xvas  poffefTed  of  -f  of  a  vcilel,  fold  -|  of  hia 
intercftfor  375<f.  5   What  was>  the  fhip  worth  at  that  r 

.f-f~i.     Asi:3^:;^.:£15oo^/, 

7.  If  -f  of  |  of  %  of  a  (hip  be  worth  f  of  £  of  ||  of  the  ca. 
valued  at  icoo/.  ;    What  did  both  fhip  and  carijo  coi't  ? 

4.  of  I-  of  $  —  ^  and  |.  of  |  of  if  ot  -^  =  7f  ^,  then, 

As  *  :  --  : :  «  :  ^g^  -  ^37  -•  ^  ^    cod 

of  the  fhip  ;  and  £ioOo-f-£b37   i2s.  t||-^.  r=  £1837  12.5-.  i 
value  of  the  (hip  and  cargo,  A.nf. 

8.  Two  fhipf,  A  and  B,  failed  from  a  certain  port  at  the  iamc 
time  ;  A  failed  north   8  miles  an  hour,  and  IS  eaft  6  miles  an 
hour  ;   Required,   by  an  eafy  method,  their  diitancc  afunder   ac 
every  hour's  end  ? 

•V/brXtf-f-°X6  —  1°  miles  diftant  in  1  hour,  and  icX2  ~  2° 
miles  in  2  hours,  &c.  /^n/. 

o.    y  «  bddy  bt  neighed  in  eachfcale.  of  a  balance,  tu/tofe  beam  is  un 
equally  divided,  and  tkofe,  different  tveizhts  of  the  bcdy  be  multipti 
gcthcr,  ths  /quart  root  of  the  product,  will  be  the  true  weight  of  that  body. 

Suppofe  the  weight  of  a  bar  of  filver,  in  one  fcale,  to  be  lOt/z. 
and  in  the  other  fcale  1202. ;  Required  the  true  weight  of  the  bar  ?' 

_^  02.  oz.pmt,  gr. 

^1 12 x  10  —  10,954  rz  10  19   1,92  Anf. 

10.   A  younger  brother  received   1560^.  which'was  juft 
his  eider  brother's  fortune  ;   and  5|-  times  the  elder's  money,  was 
if  the  value  of  the  father's  eftatc  ;  Pray,  what  was  the   father 
worth  ? 

As  7  :  1560  :  :  12  :  2674!-  the  elder   brother's  fortune  ;    then, 
*674fX5|-:-«-|  rz£8624   us.  tifd.  Anf. 

i  i.   A  gentleman  divided   his  fortune   among  his  fons,  giving 
A  gl.  as  often  as  B  5^.  and  to  C  but  3/.  as  often  as  to  B  yl.  ai 
C's  dividend  was  1537!^.  j  What  did  the  whoi  nounr  to  ? 

As  7  :  5  ::  3  :  2|  ;  then,  As  a-f  i  i53?T--  9+5  f  2>/  '>  £n5?'3 
8i  ,   ioi.  AnJ* 

12.  A  gentleman  left  his  fon  a  fortune  :  T^  of  which  he 
in  3  months  ;   ^  of  ~  of  the  remainder  lafte.a  him  9  rru- 
er,  when  he  had  only  537^.  left  ;   Fray,  what   did  his  father  be 
queath  him  ? 

34  •=.  whole  legacy,  -f|— /^  =  t{-  l^t.at  3  rr.onrhs,  then, 
1-i  =:  HI,  and  H-|H  =  iw  =-^'53'.' 
::  -«  :      2082    i8j.  2Vi.  ^". 
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13.  A  gay  young  fellow  foon  got  the  better  of  |-  of  his  fortune; 
he  then   gave  1500^.  for  a  commiffion,  and  his .  profufion  contin 
ued  till  he  had  but  4£©/.  left,  which  he  found  to  be  juft  -^.  of  his 
money,  after  he  had  purchafed  his  commifficn  ;  What  was  his 
fortune  at  firft  ? 

As  6  :  450  : :  16  :  1200,  and  1200+1500  =  £2700  z=  -*-  of  his 
fortune,  and,  As  5  :  2700  1:7:  £3780  An/. 

14.  A  merchant  begins  the  world  with  igcol.  and  finds  that 
by  his  diftillery  he  clears  1500^.  in  7  years  ;  by  his  navigation 
1500^.  in  9  years,  and  that  he  fpends  in  gaming  1500^.  in  3!  years  ; 
How  long  will  his  eftate  laft  ? 

(-7: 1500:;  1:214*1  Y.      £.      Y. 

As 4  9    :  1500  ::  i  :  i66|  j>  As428f. — 2i4f+i56-f :  i  : :  1500:  31! 
L3f  :15Pp:;  1  :  428yJ 

15.  A  has  idol,  of  B's  money  in  his  hands,  for  the  remittance 
of  which  B  allows  him  9  per  cent.  ;  What  fum  muit  he  remit, 
to  difcharge  himfelf  of  the  100^.  ? 

As  100+9  :  i  CO  :  :  lOO  :  fgiJJ--,  or, 


remitted,  and  -  ~  £o££*  his  commiffion. 
100+9 

16.  Said  Harry  to  Edmund,  I  can  place  four  is  fo  that,  when 
added,  they  fhall  make  precifely  12  ;  Can  you  do  fo  too  ? 

17.  A  and  B  are  on  oppofite  fides  of  a  circular  field  268  poles 
about  ;  they  begin   to  go   round  it,  both  the   fame   way,  at  the 
fame   inflarit  of  time  ;  A  goes   22  rods   in  2  minutes,  and  B  §4 
rods  in  3  minutes  ;  How  many  times  will   they  go  round  the 
field,  before  the  fwiftcr  overtakes  the  flower  ? 

Pol.  min.Pole.min*  PoLmin.  Pot.min. 

As   22  :  2  ::  i  :  ^  and,   As  34  :  3  :  :  i  :  T\,   then,  -^—^  zn 
_^._  mirtqtes, 

Pol.  min.    Pol.     min.     Time.  Round.  Time. 


As  i  :  T*-5.  :  :  22  :  _^T,  As  ^T  :  |  :  :  i  :  17  times  round,  AnJ. 

18.  If  15  men  can  perform  a  piece  of  work  in  11  days  ;  How 
many  men  will  accomplifh  another  piece  of  work  four  times  fo 
large,  in  a  fifth  part  of  the  time  ? 

Work.  Men.  Works.  Men,  Time.  Men.  Time.  Men. 
As  i   :   15   :  :  4  ;  60  As  i  :   1?  :  :  i  :    300  Anf. 

19.  If  A  can  do  a  piece  of  work  alone  in  7  days,  and  B  in  12  ; 
let  them  both  about  it  together  ;   In  what  time  will  they  finifli  it  ? 

WorUVork.    Work.       Wcrk.Day.  Work.  Day. 

' 


20.   A  an  ther  can  build  a  boat  in  20  days  ;  v/ith  the 

zifliftance  <  can  do  it  in  it  ;  In  what  time  would  C  do 

it  by  himielf  ? 

As 
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21.  A  can  do  a  piece  of  work  alone  in  13  days,  and  A  and  B 
together  in  8  days  ;  In  what  time  can  B  do  it  alone  ? 

D.  W.   D.  W.  W.    W.       W.  W.  D.     W.     D. 

As     *          ;  ;'  *  •          Then5|~  ^=T^,  and,  As  5  :  i  :  :  104  :  20* 


22.  A,  B,  and  C,  can  complete  a  piece  of  work  in  ist  days  ;  A 
can  do  it  alone  in  23  days,  and  B  in  37  days  ;  In  what  time  can. 
C  do  it  by  himfelf  ? 

W. 


As  131   :   i  :  :  10212  :  77114.  days,  An/. 

23.  A  cittern,  for  water,  has  two  cocks  to  fupply  it  ;  by  the 
•Rrft  it  may  be  filled  in  45  minutes,  and  by  the  fecond,  in  55  min 
utes  ;  it  has  likewife  a  difcharging  cock,  by  which  it  may,  when 
full,  be  emptied  in  30  minutes  ;  Now,  if  thefe  three  cocks  be  all 
left  open  when  the  water  comes  in,  in  what  time  will  the  ciftern 
be  filled  ? 

Min.  Cijl,  Min.      Gift.  Cijl.  Hour.  Gift.  k.  m.     s. 

45  :   i   ::  60  :   1,3333         As  ,4242  ;   i  :;   i   :   2  21   a6f  '  Anf. 
55  :   i   :  :  60  :   1,0909 

2,4242 

30  :   i   :  :  60  :   2 
Gains  in  an  hour  ,4242  of  a  ciflerri. 

24.  A  water  tub  holds  73  gallons-;  the  pipe  which  conveys 
the  water  to  it,  ufuaJJkr  admits  7  gallons  in  5  minutes  ;  and  the 
tap  difcharges  20  gallons  in  17  minutes  ;  Now,  fuppofirig  thefe 
both  to  be  carelefsly  left  opea,  and  the  water  to  be  turned  on  at 
4  o'clock  in  the  morning  •,  a  fervant,  at  6,  finding  the  water  run 
ning,  puts  in    the  tap  ;  In  what  time,  after  this  accident,  will 
the  tub  be  full  ? 

Min.  Gal.  Min.  Gal.       _     h. 

f    5  :     7  :  :  60  :  84      1  84—  7°!fX  2=26^^73—  26f»= 
L  \  17  :  20  ::  60  :  70^  J  46  ^7gal.  which  now  remain  to  be  filled. 

Gal.  Min.  Gal.     "M.     s. 
Therefore,  As  7  :  5  :  :  46T3y  :  32  58-ifJ-,  an(*  therefore  the  tub 

m.     s. 
will  be  full  at  32   53-j-f!  after  6. 

25.  A  has  a  chefl   of  tea,  weighing  ^{cwt.  the  prime  coil  of 
;h  is  60^.  ;  now,  allowing  intereit  at  6  per  cent,  per  annum 

KG, 
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Plow  mufi  he  rate  it  per  Ifc  to  B,  fo  that  by  taking  his  note  of  hand, 
payable  at  6  months,  he  may  clear  50  dollars  by  the  bargain  ? 

intercif  £&    ^s.     Then,  As  %\cwt.  :  £6o-{~£*i5-f  £"2  5*.  :  :  iifc 
•3*-  ii-t-f^tt/. 

26.   Suppofe  trie  American  continental  de,bt  to  be  j8  millions  ; 

"What  annuity,  at  6  per  cent.  per  annum,  will  difchargeit  in  25  years? 

-.  5,  of  annuities,  p,  326,  .078:3  is  the  annuity,  which  i/» 

then,  .O7823X  ibOCOOOO~£i  4081/30  Anf. 

The  annual  intereft  of  the  debt  zr  iGiioooo. 

Thrrefoie,  there  mud  be  a  finking  fund  of  £  3281  40/7-.  <z?w, 
1  he  hour  and  minute  hands  of  a  watch  are  exaftly  togeth- 
s2  o'clock  ;    When  are  they  next  together  ? 
The  s  of  the  two  hands   of  a  watch,  or   clock,  arc  to 

i2  to  i  ;  therefore,  the  difference  of  velocities  is 
12  —  i  ~  1  1  ,  k.  m.    s. 


fi2Xi   :   *    5    27i3Tl 
:   i   :  :  <  12  x  2  :  2  10  54-^-  >  &c.  Avj* 
[12X3  :  3  16  21JL-J 


28.  A  hare  ftarts  12  rods  before  a  hound  ;  but  is  not  perceiv 
ed  by  him  till  fhe  lias  been  up  45  fecronds  ;  fhe  i'cuds  away  at  the 
rate  of  JQ  miles  an  hour,  and  the  dog,  on  view,  makes  after,  .at 
the  rate  of  16  miles  an  hour  ;  How  long  will  the  courfe  hold, 
and  what  fpace  will  be  run  over,  from  the  fpot  where  the  dog 
ilarted? 

•  -  p  —  •  =  —  r  =^r,  or,as  8  to  3  againft  the  hare,  i  hourzz36oo  feconds. 

6Vc.      Feet.       Sec.    Feet.  10  miles  zr  52800  feet. 

As  3600  :  52800  :  :  45  :  660  diflance  the  hare  had  run  before  the 

Add  12  rods  —-198  (dog  difcovered  her. 

858  —  the  diftance  of  the  hare  when  the 
8  do£  ftarted. 


'O 


3)6864 

Feet  2288  : —  the  ground  run  over  by  the  dog. 
Miles.      feet.       Sec.         Feet.    Sec. 
AV,  As  16  nr  84480  :  3600  :  :  2288  :  97! 

•  29.  In  a  feries  of  proportional  numbers,  the  firft  is  4,  the  third 
32,  and  the  produft  of  the  fecond  and  third  is  112.8  ;  What  is 
the  difference  of  the  fecond  and  fourth  ? 

1 1 2,8-7-1  £—9.4  the  fecond.     As  4    :    9,4   ::    12    :    28,2,   and 
28,2-9,4—  18,8  AnJ. 

go.  A  fellow  faid  that  when  he  counted  his  nuts,  two  by  two, 
by  three,  four  by  four,  five  by  five,  and  fix  by  fix,  there 
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was  ftill  an  odd  one  ;  but  when  he  told  them  (even  by  feven, 
they  came  out  r.ve,n  ;  How.  many  had  he  ? 

2X 3X4X5X6rz;20,  and  7 20 + 1 -r- 7  =  103  even,  4?zf.  -pu 

7°  i 

refpeftive'y,  will  leave  an  odd  one. 


£.3.4.5  and  6 

31.  There  Is  an  ifland,  CO  miles  in  circumference,  and  3  men 
Hart  together  to  travel  the  fame  way  about  it  :   A   goes   7 

per  day,  B  8,  and  C  9  ;  when  will  they  all  come  together  again, 
and  now  far  will  each  travel  ? 

50x7+5° X 8+50x9—7+84-9"=  5°  day?.— A  350  miles,    B 
400,  and  C  450,  Anjt 

32.  Suppofe  A  leaves  Newburyport  at  6   o'clock  on  Monday 
morning,  and*  travels  towards  Providence,  at  the  rale  of  4  miles 
per  hour  without  intermifiion  ;  and  that,  at  3  in  the  afternoon, 
B   fets  out  from  Providence  for  Newburyport,  and  travels  con- 
ftantly  at  the  rate  of  7  miles  an  hour ;  Now.  fuppofc  the  diftance 
between  the  two  towns  to  be  90  miles  ;  whereabout  on  the  road 
will  they  meet  ? 

6+3  zr  9  hours,  and  9X4  —  3^  miles,  the  time  and  diftancs 
A  had  travelled  before  B  ftarted.  Then  90^-36  zz  54  miles  re 
main  to  be  travelled  by  both  ;  now,  as  both  together  leiTen  the 
diftanee7+4:z:  1 1  miles  an  hour,  therefore  -^  of  54+36  —  55 /r 
miles  from  Newburyport  ;  which  is  near  Ames's  at  I '< 

33.  If,  during  ebb  tide,  a  wherry  fhould  fct  out  from  II 
hill  to  comedown  the  river,  and,  at  the;fame  time,  another  fhould 
fet  out  from  Newburyport,  to  go  up   the  river,  allowing  the  dif- 
tance  to  be  18  miles  ;   fuppofe  the  current  forwards  one  and  re 
tards  the  other   if  mile  per  hour  ;  the  boats  are  equally  I 

the  rowers  equally  good,  and,  in  the  common.'  way  of  work 
ftill  water,  would  proceed  at  the  rate  of  4  miles  per  hour  ;  VV 
in  the  river,  will  the  two  boats  meet  ? 
M.  M.       AL         M.  M.      M.  M.     M.  -   M. 

4+if  zz  57,  and  4 — if  zz  2f,  then,  5^+2^  zz  8  in  one  hour 

M.    H.      M.     H.  M.    H.  "    M. 

by  both.     As8  :   j   ::   iS  :  fcj,  then  5|X  2|  zz  i'2|  from  Kaver- 

M.     H.       M. 
hill,  and  2^X24  zn  5!  from  Newburyport. 

34.  A  gentleman  making  his  addrefies  in  a  lady's  family,  xvho 
had  5  daughters  ;  fhe  told  him  that  their  father  had  made  a  will, 
which  imported  that  the  firft  four  of  the  girls'  fortunes  were,  to 
gether,  to  make  50000^.  ;  the  lafl  four  66000^.  ;  the  three   laft 
with  the  firft  60000^.  the  three  firft  with  the  laft  56000^.  and  the 
two  firft  with  the  two  laft  64000^.  which,  if  he  would  um 

and  make  it  appear  what  each  was  to  have,   as  he  appeared  to 

have  a  partiality  for  Harriet,   her  third   daughter,  he  fhould  be 

'me  to  her  ;  Pray,  what  was  Mils  Harriet's  fortune  ? 

A+ 
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A-f-B-}-C-f-D         zz  50000"!  Then,  296000—4  the  number  of 
B-f-C-j-D-j-E  ~  t>6ooo  I  combinations  zz  74000  the  fum  of 
A        -j-c-f  D-j-E  zz  60000  I  their  fortunes. 
A-f-B-fC         -f-E~  56000  )>Then,  A+B-fC-j-D^-Ezz  74000 
A-fB        4-D-f-Ezz  64000       And  A-f-B        4-^+Ezz  64000 


Anf.  Harriet's  fortune  zz  £"10000 

35.  Three  perfons  purchaie  a  x'eficl  in  company,  towards  the 
pa'yment  whereof  A  advanced  -|«  B  |.,  and  C,  256^.  ;  What  did  A 
and  B  pay,  each,  and  what  part  of  the  veflel  had  C  ? 

2  ft  iA-L.it:  2Q  OK         2Q          6 

~  f  —  =  —     -zz-^,    arid  ^  ----  2  —  —  C'spartofthcveffel. 
5        7  35  35  35      35      35 


6       256  -          A  advanced. 

As  —  :  -2-  :  :  -{  ^ 

35  I  —   :  £640  B  advanced. 

Oi_> 

36.  A  and  B  cleared,  by  an  adventure  at  fea.  45  guineas,  which 
was  35/.  per  cent,  upon  the  money  advanced,  and  with  which 
they  agreed  to  purchafe  a  genteel  horfe  and  carriage,  whereof 
they  were  to  have  the  ufe  in  proportion  to  the  fuins  adventured, 
which  was  found  to  be  n  to  A,  as  often  as#  to  B  ;  What  money 
did  each  adventure  ? 

As  £35  :   100  :  ;   45  Suin.  :  £i%o  ±r  the  whole  adventure. 

A.   »+8:.  80  :: 


37.  A,  B  and  C  are  to  fhare  iQolf  in  the  proportion  of  ^  |  and 
•i-  ixjfpeciively  ;  but  C  dying,  it  is  required  to  divide  the  whole 
lum  properly  between  the  other  two  ? 


:  100 


;u.: 

Again,  As  ^.-f-J  :  «5||.  ::  A  ;   i^||f. 
Then,  42-||--|-i4|-|-f- zz/^57   2^.    io±d.  A's  fhare, 

2s.   iold.'~fA->   I'js.   i ±d.  B's  fhare. 


38.  A,  B  and  G  have  among  them  135  guineas  ;  A's-f-B's  are 
to  B's-f-C's,  as  5  to  7,  and  C's — B's  to  C's-j-B'vs  as  i  to  7  ;  How 
many  had  each  ? 

A-f  B.    A-fC. 

Suppofe  A's-f-B's  rr  50  ;  then,  as  5  to  7  ::  50  :  70  :  As 
7  :  i  : :  70  :  10  —  C's — B's  ;  then,  70 — *o  -~  Oo,  and  6o-f-2 
cr:  30  nrB's,  30 — lorr  20  • — •  A's,  andgo-f-10  ^^  40 rr  C's,  by  the 
fuppofition  :  Now  2O-j-3o-f-4O  nr  90,  which  iliould  have  been 
a  35,  therefore, 

fao  :  30  zr  A's. 
As  90  :    135  :  :    <  30  :   45  nr  B 

[40  :  60  zz  C's. 


vam  zzr  135  proof,          30.  T 
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39.  There  are  three  horfes,  belonging  to  different  men,  employ 
ed  as  a  team  to  draw  a  load  of  ialt  from  Newburyport  to  Bofton 
for  2/.  iOj.  A  and  B  are  fuppofed  to  do  -^  of  the  work  ;  A  and 
C  T5T,  and  B  and  C  ^  of  it  ;  they  are  to  be  paid  proportionally  ; 
Can  you  divide  it  as  it  fhould  be 


A-j-B  zz  TT  —  >2727") 
A+C  zz  T5T  zz  ,3»46  I 
B+C  zz  A  zz  ,2857  I 

Sum  zz  ,943  J 


=  ,943 

And  ,943—2,  the  number  combined  zz  ,4715  zz  A-f-B+C 

—  ,2727  —  A+B 

Then,  As  ,  47  15  :  50  ::  ,1988  :£i  is.  o|d.  zz  ,1988  zz  C. 

And  in  the  fame  manner  proceed  f®r  the  reft. 
40.  I  would  put  20  hogfheads  of  London  beer  into  lO  wine 
pipes,  and  defire  to  know  what  the  cafk  muft  contain,  which 
will  receive  the  difference,  231  folid  inches  being  the  wine  gal- 
Ion,  and  282  that  of  beer  ? 

Beer  hhd.  zz    54  gal.  and    54  X  282  X  20  —  304560  folid  inches* 
Wine  pipe,  zz  126  gal.  and  1  26  X  231  X  i°  =  291060  folid  inches^ 

304560—291060  r 

gallons,  Anf. 


41.  Being  about  to  plant  5292   trees  equally  diftant  in  rows, 
the  length  of  the  grove  is  to  be  g  times  the  breadth  ;  How  many 
of  the  fhorter  rows  will  there  be  ? 

^  —  Z_y  ^zz  126  rows,  Anf  .viz.  ^  of  the  trees  are  to  form  an 

O 

exaft  fquare,  the  fide  whereof  being  42,  {hews  how  many  come 
into  a  fhort  row, 

42.  A  general,  difponnghis  army  into  a  fquare  battalion,  found 
he  had   231   over   and  above  ;  but  increafing  each  fide  with  one 
foldier,  he  wanted  44  to  fill  up  the  fquare  ;  How  many  men  did 
his  army  confifl  of  ? 

23l+44  =  275j  and  275—  i-f-a  =  *§l->  tnen  J37X  i37+23i 
—  19000  Anf. 

'43.  I  want  the  length  of  a  fhoar,  the  bottom  of  which,  being 
fet  9  feet  from  the  perpendicular  iide  of  a  houfe,  will  iupport  a 

weak  place  in  the  wall  22^  feet  from  the  ground  ? 
/*~  M        \~         —  jri"  ~^ 

^22,5X22,54.9x9  zz  24  feet,  2j  inches,  Anf, 

44.  A  line  35  -yards  long  will  exactly  reach  from  the  top  of  a 
.'Landing  on  the  brink  of  a  river,  known  to  be  27  yards  broad, 

to  the  opp'oiite  bank  ;  What  is  the  height  of  the  wall  ? 

1/35X35—27X27  ~22  yards,  of  inches,  nearly. 

45.  Suppofea  light  houfe  built  on  the  top  of    a  rock  ;   the  dif- 
between  the  place  of  obfervation  and  that  part  of  the  rock 

level 
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level  with  thec  .'  as  ;  the  difts.-  the  top  of  the  rock 

to  the  place  of  ion  840  yards,   and  fror,  the  top  of  the 

light  houfe.  900  yard."  :  The  height  of  the  light  hout'e  is  required  ? 

V  900  x  900—620  X  620—  V  846  X  846—  620  X  620=76,  7  yyds.  Anf< 

46.  Thcjuni  and   difference,  of  the.  fquares  oj-  tzuo  numbers  givtn9  to 

find  thoje.  numbers* 

RULE.  —  From  the  fum  take  the.  difference,  and  half  the  re 
mainder  is  the  fquare  of  the  lefs,  which,  taken  from  the  fum  of 
the  fquares,  will  give  the  fquare  of  the  greater. 

A  and  B  have  between  them  a  number  of  guineas,  which  are 
to  be  fo  divided,  that  the  fum  of  their-  fquares  may  be  208,  and 
the  difference  of  their  fquares  80  ;  fuppofing  A's  the  greater 
number.  How  many  has  he  more  than  B  ? 

208  —  8o-f-2  zz  64  the  fquare  of  B's,  and  208—64.  —  144  the 
fquare  of  A's  ;  therefore  \  144  —  1/64  zz  4  Anf. 

47.  Having  thcjum  of  two  numbers,  andthejum  of  their  fquares  giv~ 

t«,  to  find  iho/e  numbers. 

RULE.  —  From  the  fquare  of  their  fum  take  the  fum  of  their 
fquares  :  Then  from  the  fum  of  their  fquares  take  this  remainder, 
and  the  fquare  root  of  the  difference  will  be  the  difference  of  the 
two  numbers.  To  half  their  fum  add  half  their  difference,  and 
the  fum  will  be  the  greater.  From  half  the  fum  take  half  their 
difference,  and  the  remainder  will  be  the  lefs. 

A  and  B  have  50  guineas  between  them,  which  are  to  be  fo 
divided,  as  that  the  fum  of  the  fquares  of  the  two  numbers  fhall 
be  1300  ;  How  many  had  each,  iuppofing  A  to  have  the  greater 
number  ? 


50X50  —  isoozz  1200  ;  Then       jgoc  —  i  200  zz  iQ  difference. 


48.  Having  ike  dijftrtnce  of  two  nu^ibtrs^  and  the  fum  of  their  Jquarcs 
given,  tojind  thoje  numbers. 

RULU.  —  From  the  fum  of  their  fquares  take  the  fquare  of  their 
difference  :  To  the  fum  of  the  fquares  add  the  remainder,  and  the 
fquare  root  of  this  fum  will  be  the  fum  of  the  required  numbers  ; 
then,  \vith  the  half  fum  and  half  difference  proceed  as  in  the  laft 
quell  ion. 

A  number  of  guineas  are  to  be  divided  between  A  and  B,  in 
fuch  a  manner  that  A  may  have  50  more  than  B,  and  that  the 
fum  of  the  fquares  of  the  refpective  (hares  may  be  12500  ;  What 
number  had  each  ? 

12500—50X50  rz:  lOOOO,  and  V  125004-10000  zz  150  zr  fum 
of  their  (hares.  Then,  1  50-^-2  -|~5O^-  2zzioo  A's  ;  and  150—3 
—  50—2  zz  50  Ji's,  Anf. 

40,.  H&vtxr  the  fum  of  the  fquares  of  two  numbers,  and  the  fquare  of 
their  haifjum  given  9  to  foul  thojt  numbers, 

RULE* 
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RULE.— From  the  fum  of  the  fquares  take  twice  the  fqn;-i 
the  half  fum,  and  the  fquare  root  of  half  the  remainder  will  be 
their  half  difference,  with   which, and  the  half  fum  proceed  as 
before  dire£led. 

Let  the  fum  of  the  fquares  of  two  numbers  be  3161,  2nd  the 
fquare  of  t^eir  half  fum  1560.25  ;  Required  thofe  numbers  ? 

31 6s  — 500,25x2  zz  40,5     4Q..H-1-*  ~  20,25,  and  Y/^J^ZZ 

4,5  zz  |  difference,  and  v/15tor26  "  39'5  —  i  fam  ;  then,  39,5 
4.4.5  zz  44  the  greater,  and  39,5—4,5  zz  35  the  lefs,  ^«/. 

50.  r.   T/'Me  quantity  of  matter,  (or  weights)  of  any  two  bodies,  put 
in  motion*  be  equal,  the  force  hy  which  they  are.  moved  will  be  in  propor 
tion  to  their  velocities,  orjwiftn-js  of  motif  rti 

2.  If  the  velocities  of  theje  bodies  be  equal,  their  forces  will  be  dirctt- 
ly  as  the  quantities  of  matter  contained  in  them,  that  is,  as  their  weights. 

3.  If  loth  the  quantities  of  matter  and  the  velocities  be.  unequal,  the 
forces,  with  which  the  bodies  are  moved,  will  bt  in  a  proportion  compound 
ed  of  their  quantities  of  matter  and  velocities. 

Suppofe  the  battering  ram  of  Vefpafian  weighed  6oocoft  ;  that 
it  was  moved  at  the  rare  of  24  feet  in  one  fecond,  and  that  this 
was  fufficierit  to  demolifh  the  walls  of  Jerufalem  ;  With  what 
velocity  muft  a  cannon  ball,  which  weighs  42  ft,  be  moved,  to 
do  the  fame  execution  ? 

The  velocity  of  the  ram  being  24,  and  the  weight  of  the  ball 
42,  compounded,  will  make  a  fraction  zz  |-fr  zz  y,  and  yXDCCOO 
-— •  34285-^-  feet  in  a  fecond,  AnJ. 

51.  A  body  weighing  30  ft  is  impelled  by  fuch  a  force  as  to 
fend  it  20  rods  in  a  fecond  ;   With  what  velocity  would  a  body 
weighing  12  fk  move,  if  it  were  impelled  by  the  fame  force  ? 

—  50  rods  in  a  fecond.  An/^ 

12 

^/"GRAVITY. 

52.  The  gravity  of  bodies  above  th»  furface  of  th*  earth  decrea/es  in, 
a  duplicate  ratio  for  as  the  fquares  of  their  dijlances}  in  jcmidiameters 
of  the  earth,  from  the  earth's  centre. 

Suppofi ng  a  body  to  weigh  400  ft  at  zOOO miles  above  the  earth's 
furface  ;  What  would  it  weigh  at  the  furface,  eilimating  the 
earth's  femidiameter  at  4000  miles  ? 

From  the  centre  to  the  given  height  being  \\  femidiameter  ; 
multiply  the  fquare  of  i|  by  the  weight,  and  the  product  will 
be  the  arifwer.  *,5X  i;5X4OOzz  900  ft.  Anf. 

53.  If  a  body  weigh  ooo  ft  at  the  furface  of  the  earth  ;  What 
will  it  weigh  at "2000  miles  above  the  furface  ? 

This  being  the  reverie  of  the  Uft.  therefore.  i-f-;5  ~  i?5  and 
900—1,5  X  1.5  zz  400  ft,  Anf. 

Zi.  54.  A 
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54.  A  certain  body  on  the  furfacc  of  the  earth,  weighs  180  ft  j 
How  high  muft  it  be  carried,  to  weigh  but  20  ft  I 

^i8o-f-2o  =r  3,  AnJ\  3  femidiameters  from  the  earth's  centre, 
that  is  8000  above  its  furface. 

55.  How  high  muft  a  ball  be  raifed,  to  lofe  half  its  weight  ? 
As  i  :  4000x4000  :  :  2  :  32000000,  and  V'32®oo©ooiz:  5656,85, 

and  5656,85—  4000  r=  1656,85  miles,  Anf. 

56.  If  the  attraction  of  the  moon   raife  a  tide   on  the  earth  5 
feet  high  ;  What  will  be  the  height  of  a  tide,  raifed  by  the  earth 
on  the  furface  of  the  moon  under  {imilar  circum  fiances  ? 

The  attraction  of  one  of  thofe  bodies  to  the  other's  furface  is 
direftly  as  its  quantity  of  matter,  and  inverfely  as  its  diameter  ; 
therefore,  As  2182X2182X2182X494  :  5  '-  SoooX  8OOOX  8000 
X4OO  :  190,3,  And  as  2182  :  199,3  ::  8000  :  54,8  feet,  inverle- 


57.  1.   If  the  diameters  of  two  globes  be  equal,  and  their  denfities, 
(compattnejs,  or  clofenefs)  different  ;  the  weight  of  a  body  on  iharfur- 
Jaces  will  be  as  tkeir  denjitics. 

2.  If  their  denfities  be  equal,  and  their  diameters  different;  the  weight 
of  a  body  will  be.  as  ^  of  their  circumferences, 

g.  If  their  diameters  and  denfities  be  both  different,  the  weight  will  be 
as  -|-  of  their  Jcmidi&mtters  multiplied  by  their  denfities. 

If  a  ftone  weigh  lOO  ft  at  the  furface  of  the  earth  ;  What  will 
it  weigh  at  the  furfacesof  the  fun,  and  the  feveral  planets,  whofe 
denfities  are  known,  refpeciively  ? 

<Sun.       "Jupiter.      Saturn.     Earth.       Moon. 
Their  denfities  100.  94-5«  ^7»     400.         494 

Diam.  in  geog.miles  776970.   135079.  98566.  6875.       1869,35 

Semidiam.  388'485-  67.539'5-         49a83-  3437'5-     934:^7 

|Sem.  Diam.          258990.44693.       3285553^-  2295- 


{25^990     X 
44693      X  9455:46o  ft  at  Jupiter. 
--"'  .....  »»~*  --------  |3«855,33X67    .-239,8  ft  at  Saturn. 

I     623,11  X494  .'33JO  at  the  Moon. 

OF  THE   FALL  ov  BODIES. 

58.  Heavy  bodies  near  the  furface  of  the  earth,  fall  one  foot 
the  firft  quarter  of  a  fecond  ;  three  feet  the  fecond  quarter  ;  five 
feet  in  the  third,  and  (even  feet  in  the  fourth  quarter  ;  that  is, 
16  feet  in  the  firlt  fecond.* 

The  velocities,  acquired  by  bodies  in  falling,  are  in  propor 
tion  to  the  fquares  of  the  times  in  which  they  fall  ;  forinftance, 

Let 

*  The  exaft  velocity  in  vacut  is  i6yi  in  the  fecond  ;  but  in.  the  air  it  will  Uc 
Ccarcely  16  icek 


MISCELLANEOUS    QUESTIONS.       36g 

Let  go  three  bullets  together  ;  flop  the  firfl  at  one  fecond,  and  it 
•will  have  fallen  i6feet.  Stop  the  next  at  the  end  of  the  fecond  fec 
ond,  and  it  will  have  fallen  (2X2=  4)  four  times  16,  or  64  feet ; 
and  flop  the  laft  at  the  end  of  the  third  fecond,  and  the  diftanc® 
fallen  will  be  (3X3  ~  9)  nine  times  16,  or  144  feet,  and  fo  on. 

)r,  which  is  the  fame,  the  fpace  fallen  through  (in  feet)  is  al- 
w    --5  equal  to  the  fquare  of  the  time  in  4ths  of  a  fecond. 

Or,  By  multiplying  16  feet  by  fo  many  of  the  odd  numbers, 
beginning  at  unity,  as  there  are  feconds  in  any  given  time  ;  viz. 
by  i  for  the  firft  fecond,  by  3  for  the  fecond,  by  5  for  the  third, 
•  on,thefe  feveral  produces  will  give  the  fpaces  fallen  through, 
ia  each  of  the  feveral  feconds,  and  their  fum  will  be  the  whole 
diftance  fallen. 

The  velocity  given,  to  find  the  jp ace  fallen  through. 

R-.--.S  i. — The  fquare  root  of  the  feet,  in  the  fpace  fallen 
thrc=  igh,  will  ever  be  equal  to  one  eighth  of  the  velocity  acquir 
ed  at  the  end  of  the  fall  ;  therefore, 

2.  Divide  the  velocity  by  8,  and  the  fquare  of  the  quotient 
will  be  the  diflance  fallen  through,  to  acquire  that  velocity. 

Suppofe  the  velocity  of  a  cannon  ball  to  be  about  J-  of  a  mile, 
or  660  feet  per  fecond  ;  From   what  height  muft  a  body  fall,  tp 
acquire  the  fame  velocity  per  fecond  ? 
660—8  —  82,5  and  82,5x82,5—6806!  feet,r=  i^rml^Anf. 

59.   The  time  given,  to  find  the  fpace  fallen  through. 

RULE  i. — The  fquare  root  of  the  feet,  in  the  fpace  fallen 
through,  will  ever  be  equal  to  four  times  the  number  of  feconds 
the  body  has  been  falling  :  Therefore, 

$.  Multiply  the  time  by  4,  and  the  fquare  of  the  produces  will 
be  the  fpace  fallen  through  in  the  given  time. 

How  many  feet  will  a  body  fall  in  5  feconds  ? 

5  X  4  —  2°5  and  20  X  20  rr  400  feet,  Anf* 

60.  A  bullet  is  dropped  from  the  top  of  a  building,  and  found 
to  reach  theground  in  i|  fecond  ;  Required  its  height  ? 

i,75X4  =  7»  and  7X7  —  49  feet,  An/.  Or,  ij  —  7  qrs.  and 
7X7=49-  °r,  ii75X  1^75X16  =  49  feet,  Anf. 

61.  What   is  the  difference  between  the  depth  of  two  wells, 
into  each  of  which  fhould  a  ftone  be  dropped  in  the  fame  inftant, 
one  would  reach  the  bottom  in  5  feconds,  and  the  other  in  3  ? 

5X4=  20i  ancl  20  X  20  =  400  feet. 
3X4=  12J  and  12X12  =  144  feet. 

Anf.  256  feet. 

62.  Afcending  bodies  are  retarded   in   the  fame  ratio  that  de- 
fcending  bodies  are  accelerated  ;  therefore,  if  a  ball,  difcharged 

from 
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from  a  gun,  returned  to  the  earth  in  12  feconds  ;  How  high  did 
it  afcead  ? 

The  ball  being  half  of  the  time,  or  6  feconds,  in  its  afcent, 
therefore,  6X4  —  24>  ailc*  24X24  =  57°  fee*>  Anf. 

63.   The  velocity  per  fecond  given,  to  find  the  time.  - 

RULE  i. — Four  times  the  number  of  feconds,  in  which  a  body 
has  been  falling,  is  equal  to  one  eighth  of  the  velocity,  in  feet, 
per  fccond,  acquired  at  the  end  of  the  fall  :  Therefore, 

2f  Divide  the  given  velocity  by  8,  and  one  fourth  part  of  the 
quotient  will  be  the  anfwer. 

How  long  mult  a  bullet  be  falling  to  acquire  a  velocity  of  160 
feet  ncr  fecond  ? 

i6o-f-8  zz  20,  and  204-4  —  5  feconds,  Anf. 

64.   Thzjpact,  through  which  a  body  has  fallen,  given,  tojind  the,  time 
it  has  been  Jailing. 

RULE  i. — Four  times  the  number  of  feconds,  in  which  the 
"body  has  been  falling,  will  ever  be  equal  to  the  fquare  root  of 
the  fpace,  in  feet,  through  which  it  has  fallen  :  Therefore, 

2.  Divide  the  fquare  root  of  the  fpace  fallen  through  by  4, 
arid  the  quotient  will  be  the  tim^pSn  which  it  was  falling. 

In  how  many  feconds  will   a  bullet  fall  through  a  fpace  of 
10125  feet  ? 
V  10125  zz  100,6,  and  100,6—4  zz  25,15  feconds,  zz  25"  9'"  AnJ. 

65.  In  what  time  will  a  rnufket  ball,  dropped  from  the  top  of 
3  fteeple  484  feet  high,  come  to  the  ground  ? 

\/484  zz  22,  and  22-1-4  zz  5f  feconds,  Anf. 

66.  To  Jind  the  velocity  per  fecond^  with  which  a  heavy  body  will  begin 
to  descend,  at  any  di fiance,  from  the  earth' sjurface. 

RULE. — As  the  fquare  of  the  earth's  femidiameter  is  to  16  feet: 
So  is  the  fquare  of  any  other  diflance  from  the  earth's  centre  in- 
verfely,  to  the  velocity  with  which  it  begins  to  defcend  per 
fecond. 

With  what  velocity  per  fecond  will  an  iron  ball  begin  to  de 
fcend,  if  raifed  3000  miles  above  the  earth's  furface  ? 

As  4000 X  4000: 16  : :  4000+3000 X  40004.3000: 5,22 449 feet,  Anf. 

67.  How  high  muft  a  ball  be  railed  above  the  earth's  furface, 

to  begin  to  defcend  with  a  velocity  of  5,22449  feet  per  fecond  ? 

As  16  .-4000X4000  : 15,22449  :  49000000,  and  ^49000000^7000, 
Wherefore,  7000 — 4000  zz  3000  miles,  Anf. 
68.   'To  find  the  mean  velocity  of  af ailing  body. 
RULE. —  Divide   the   fpace   fallen  through  by  the  number  of 
feconds  it  was  falling,  and  the  quotient  will  be  the  mean  velocity. 
A  mufkct  hall  dropped  from  the  top  of  a  fteeple  484  feet  high 
in  5}  feconds  ;  Required  its  mean  velocity  ? 

484-^5.5  —  88  feet  per  fecond,  Anf. 

69.   To 
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6g.  To  find  the  velocity  acquired  by  a  failing  body  per  Jccond  (or  by 
a  /Ire am  of  water,  having  the  perpendicular  dtjceni  given J  at  th:'.  end 
of  any  given  period  of  time. 

RULE  i. — The  velocity  acquired  at  the  end  of  any  period  is  e- 
qual  to  twice  the  mean  velocity,  with  which  it  palled  during 
that  period. 

Or,  2.  Multiply  the  perpendicular  fpace  fallen  through  by  64, 
and  the  fquare  root  of  the  product  is  the  velocity  required. 

If  a  ball  fall  through  a  fpace  of  484  feet  in  5^  feconds  ;  with 
•what  velocity  will  it  ftrike  ? 
By  the  former  part  of  the  rule.  By  the  latter  part,  with-- 

484-^-5, 5  nz  88,    and  out  regarding  the  time. 

88x2  —  176,  Anf.  1/484x04  =  176,  An/. 

70.  There  is  a  iluice,  (or  flume)  one  end   of  which  is  2$  feet 

lower  than   the  other  ;  What  is  the  velocity  of  the  ftream  per 

fecond  ?  2^,5X^4  zr  160,  and  ^160  zr  12,649  feet,  Anf. 

71.    The  velocity  with,  which  a  falling  body  Jlrikes,  given,  to  find  tht 

fpace  fallen  through. 

RULE. — Divide  the  fquare  of  the  velocity  by  64,  and  the  quo 
tient  wil  be  the  height  required. 

If  a  ball  ftrike  the  ground  with  a  velocity  of  56  feet  per  fcc- 
ond  ;  from  what  height  did  it  fall  ? 

6^X564-64  z=  49  feet,  Anf. 

72.  The  mean  velocity  of  a  fluid,  or  ftream,  is  12,649  feet  per 
fecond  ;  What  is  the  perpendicular  fall  of  the  ftream  ? 

12>649X  12,649—64  rr:  2|  feet,  AnJ. 

73.  The  weight  of  &  body^  and  the  /pace  fallen  through,  given,  to  fnd 

the  force  with  which  it  willjlrike. 

RULE. — The  momentum,  or  force,  with  which  a  falling  body 
ftrikes,  is  equal  to  its  weight  multiplied  by  its  velocity  ;  there 
fore,  find  the  velocity  by  Problem  Sgth,  and  multiply  it  by  the 
weight,  which  will  produce  the  force  required. 

If  the  rammer,  ufed  for  driving  the  piles  of  Charleftown  bridge, 
weighed  2^  tons,  or  45ooft,  and  fell  through  a  fpace  of  10  feet, 
with  what  force  did  it  ftnke  the  pile  ? 

•V/i°X°4  rr  25,3  —  velocity,  and  25,3X4500  zr  113850!%, 
momentum,  Anf. 

74.  The  weight  and  momentum,  or  Jinking  force,  given,  to  find  tlu 

fpace  fallen  through. 

RULE. — Divide  the  momentum  by  the  weight,  and  the  quo 
tient  will  be  the  velocity  ;  then  divide  the  fquare  of  the  velocity 
by  64,  and  the  quotient  will  be  the  fpace  fallen  through. 

If  the  aforementioned  rammer  weighed  4500]%,  and  {truck 
with  a  force  of  113850  ft  ;  From  what  height  did  it  fall  ?- 

1 138 50-- 4 500  zr  25,3,  and  25.3X25.3-^4  ~.~  lofeet,  Anf. 

75.  If 
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75.  If  it  were  required  to  know  with  what  quantity  of  motion, 
momentum,  or  force,  a  fluid,  moving  with   a  ^iven  velocity, 
flrikes  upon  a  fixed  obftacle. 

RULE.  —  By  Problem  71  ft,  find  the  fall,  which  will  produce  the 
given  velocity  :  Multiply  that  height  by  62,5ft,  Avoird.  for  clean 
river  water,  by  63!^,  for  dirty  water,  and  by  64  for  fea  water. 

Suppofe  a  ftream  of  clear  water  to  move  at  the  rate  of  5  feet 
per  fecond,  and  to  meet  with  a  fixed  obftacle  (or  bulk  head)  15 
feet  wide  and  4  feet  high  ;  What  is  the  momentary,  inftamane- 
ous  preflure  of  the  ftream  ? 

5X5-T-64  =z  H  and  25—64  —  ,39  of  a  foot,  for  the  perpen 
dicular  fall  of  the  water.  Now  62,5X5,39  =  24rS75ft,  the  pref 
lure  upon  each  fquare  foot,  which,  multiplied  by  60  (the  num 
ber  of  fquare  feet  in  the  obftacle)  gives  1462,5^,  going  with  the 
given  velocity  of  5  feet  per  fecond  ;  therefore,  1462,5X5  = 
73  1  2,5ft,  An/.* 

76.  The  velocity  of  water,  fpouting  through  a  fluice,  or  aper 
ture  in  a  refervoir,  or  a  bulk  head,  is  the  fame  that  a  body  would 
acquire  by  falling  through  a  perpendicular  fpace  equal  to  that 
between  the  top  of  the  water  in  the  reiervoir,  and  the  aperture. 

What  is  the  velocity  of  water  ifluing  from  a  head  6f  5  feet 
deep  ? 

By  Problem  6gth.  64x5=1:320,  and  \/32O~i8  f£et,  nearly,  An/. 

77.  If  the  velocity  of  a  ftream  ifluing  through  the  bulk  head 
of  a  mill,  be  16  feet  per  fecond  ;  What  head  of  water  is  there  ? 


iXi-~4  —  4 

78.  The  quantity  of  water  difcharged  from  a  hole  in  a  veflel, 
•is  u<  the  fquare  root  of  the  height  of  water  above  the  aperture. 

A  miller  has  a  head  of  water  4  feet  above  the  fluice  ;  How  high 
yfiuft  the  water  be  raifcd  above  the  opening,  fo  that  half  as  much 
again  water  may  be  diicharged  from  the  fluice  in  the  fame  time  ? 

y^4  —  2,  and  half  as  much  again  as  2,  is  2-j-i  7—  3,  for  the 
fquare  root  of  the  required  depth  ;  therefore,  3  X  3  ~  9  feet  high, 
Anfwer. 

Of    PENDULUMS. 

79.  The  time  of  a  vibration,   in  the  cycloid,  is  to  the  time  of 
a  heavy  body's  defcent  through  half  its  length,  as  the  circumfe 
rence  of  a  circle  to  its  diameter,  that  is,   As  3.  1416  to  i  :  There 
fore,  (as  a  body  clefcends  freely,  by  gravity,  through  about  193.5 
inches  in  the  firft  iecond)  To  find  the  length  of  a  pendulum,  vi 
brating  feconds. 

R  u  LEA 

**  Water  being  a  yielding  fufeftaac'-,  !of  in  ^reducing 

cfefts. 
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RULE.—  As  3,i4i6X3,Ml6  :  »X*  ::  *9335  =  *9»6  inches,  the 
half  length,  and  19,6x2=  39,2  inches,  the  length. 

80.  To  find  the  length  of  a  pendulum,  that  willfwing  any  given  time* 
RULE.  —  Multiply  the  fquare  of  the  feconds  in  any  given  time 

by  39,2,  and  the  producl  will  be  the  length  required,  in  inches. 
Required  the  lengths  of  feveral  pendulums,  which  will  re- 

fpeftively  fwing  |  feconds,  |  feconds,  feconds,  minutes,  and  hours  ? 


9,8  inches  for  \  feconds.  i  X  1  X  39,2  rr  39,2  inches  for  feconds, 
as  above  ;  60x60X39,2  —  the  inches  in  2  miles  and  1200  feet, 
for  minutes  ;  and  i  hour  =zr  3600  feconds,  therefore  3600X3600 
X39,2  —  •  the  inches  in  8018  miles  and  96  feet,  for  hours,  Anf. 

8  1.  What  is  the  difference  between  the  length  of  a  pendulum, 
which  vibrates  half  feconds,  and  one  which  (wings  3  feconds  ? 


3X3X39>2—  ,5X,5X39>2  =  28r?  feet> 
82.  To  find  the  time  which   a  pendulum  of  any  given  Length    will 

J'^ing. 

RULE.  —  Divide  the  given  length  by  39,2,  and  the  quotient 
•will  be  the  fquare  of  the  time  in  feconds. 

Or,  As  6,2,61  (the  fquare  root  of  39,2)  is  to  the  fquare  root  of 
the  given  length  :  So  is  i  fecond,  to  the  time  of  one  ofcillation  : 
That  is,  divide  the  fquare  root  of  the  given  length  by  6,261,  and. 
the  quotient  will  be  the  time  of  one  vibration  of  that  pendulum. 

How  often  will  a  pendulum  of  9,8  inches  vibrate  in  a  fecond  ? 

By  the  former  part  of  the  rule,  9,  8-7-39,2  —  ,25  of  a  fecond, 

and  \/,25  ==  '5  °^  a  fecond,  the  time  of  one  vibration,  that  is,  it 
vibrates  half  feconds,  or  60-7-,  5  zr  120  times  in  a  minute. 

By  the  latter  part.  <\/9>**  —  3>!3j  anc*  Vr39j2  —  6,261,  there 
fore,  3,i3-r-6,26i  z=  .5  of  a  fecond. 

83.  I  obfewed,  that  while  a  ftone  was  falling  from  a  precipice, 
a  firing,  (with  a  bullet  at  the  end)  which  meafured  25  inches,  (to 
the  middle  of  the  ball)  had  made  5  vibrations  ;  What  was  the 
height  of  the  precipice  ? 

25-f-39-2  =  >6377>  and  V%b377  —  <7985  of  a  fecond,  the  time 

of  one  vibration,  and  ,79^X5  ~  4  fecond*.  nearly,  the  time  of 

the  Hone's  defcent  ;  then  4X41=:  16,  and  i6x  i6zz  256  feet,  Anf. 

84.   To  find  the  true  depth  of  a  well,  by  dropping  ajlone  into  it,  at- 

fo  the  time  of  the  Jtone's  dejcent,  and  ojthejound's  ajcent. 

RULE  i.  —  Take  a  line  of  any  length,  and  by  the  laft  Problem 
find  the  time  from  the  dropping  of  the  ftone  till  you  hear  it  ftrikc 
the  bottom. 

2.  Multiply  73088  (m  i6x4Xu4*  ;  1142  feet  being  the  dif- 
tance,  which  found  moves  in  a  (econd)  by  the  number  of  feconds 
till  you  hear  the  done  ftnka  the  bottom, 

3-  To 
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3.  To  this  produft  add.  1304164  (—  the  fquare  of  1442)  and 
from  the  fquare  root  of  the  fum  take  i  142. 

4.  Divide  the  fquare  of  the  remainder  by  64  (—  16X4)  and 
the  quotient  will  be  the  depth  of  the  well  in  ft- et. 

5.  Divide  the  depth  by  1 142,  and  the.  quotient  will  be  the  time 
of  the  fcund's  afcent,  which,  being  taken  from  the  whole  time, 
will  leave  the  time  of  the  (tone's  defcent  in  fcconds. 

Suppofe  I  drop  a  (tone  into  a  well,  and  a  firing  with  a  plum 
met,  which  meafured  to  the  middle  of  the  ball  25  inches,  made 
5  vibrations  before  I  heard  the  ftone  ftrike  the  bottom  ;  Requir 
ed  the  depth,  time  of  the  ftone's  defcent,  and  of  the  found's  af 
cent  ? 

25^-39,2 —,6377,  and  ^,6377  zz  ,7985,  and  ,7985X5  =  4 

feconds  to  the  hearing  of  it  ftrike  ;  then  \/73C»88x  4-f-13o41^4~~"" 
1142 —  121,53  and  i2i?53X  *2i<53-:-64  =  23°>77  feet,  the  depth, 
and  230,774-1142  — .,2  of  a  fecond,  the  time  of  the  found's  afcent, 
and  4 — ,2  ~  3,B  feconds,  the  time  of  the  flone's  defcent. 

Of  the   LEVER    or  S  T  E  E  L  Y  A  R  D. 

85.  It  is  a  principle  in  mechanics,  that  the  power  is  to  tke 
weight,  as  the  velocity  of  the  weight,  to  the  velocity  of  the  pow 
er.  Therefore,  to  find  what  weight  may  be  raifed  or  balanced  by 
any  given  power,  fjy  ; 

As  tTie  4iilance  between  the  body  to  be  raifed  or  balanced,  and 
the  fulcrum,  or  prop,  is  to  the  di {lance  between  the  prop  and 
the  point  where  the  power  is  applied  :  So  is  the  power  to  the 
weight  which  it  will  balance. 

If  a  man,  weighing  160  ft,  reft  on  the  end  of  a  lever  lO  feet 
long  ;  What  weight  will  he  balance  oil  the  other  end,  fuppofing 
the  prop  one  foot  from  the  weight  ? 

The  diftance  between  the  weight  and  prop  being  i  foot,  the 
diftance  from  the  prop  to  the  power  is  10— i  1=  9  feet  ;  there 
fore,  As  i  foot  :  9  feet  : :  160  ft  :  1440  ft,  Anf. 

85.  If  a  weight  of  1440  ft  were  to  be  raifed  with  a  lever  10 
feet  long,  and  the  prop  fixed  i  foot  from  the  weight  ;  What 
power,  or  weight,  applied  to  the  other  end  of  the  lever,  would 
balance  it  ?  As  9  :  i  :  :  14^0  :  160  ft,  Anf* 

87.  If  a  weight  of  1440  ft  be  placed  i  foot  from  the  prop  ;  at 
what  diftance  from  the  prop  muft  a  power  of  160  ft  be  applied, 
to  .balance  it  ?  As  160  :  1440  :  :  i  :  9  feet,  Anf^ 

£8.  At  what  diftarce  from  a  weight  of  1440  ft  muft  a  prop  be 
placed,  fo  as  that  a  power  of  160  ft  applied  9  feet  from  the  prop, 
may  b.ilance  it  ?  As  1440  ;  160  :  :  9  :  i  foot,  Anf. 

89.  In  giving  directions  for  making  a  chaife,  the  length  of  the 
{hafts,  be;-  axle  free  and  backband,  being  fettled  at  9  feet, 

a  difpulc  arofe  whereabout -on  the  fhafts  the  centre  of  the  body 

ihould 
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fhould  be  fixed.  The  chaifemaker  advifed  to  place  it  30  inches 
before  the  axletree  ;  others  fuppofed  20  inches  would  be  a  fuf- 
iicient  incumbrance  for  the  horle  :  Now,  fuppofing  tv/o  paffen- 
gers  to  weigh  3  Cwt.  and  the  body  of  the  chaife  |  Cwt.  more  ; 
What  will  the  beaft  in  both  thcfe  cafes  bear,  more  than  his  har- 
nefs  ? 

Weight  of  the  ehaife  and  paffengefs  3f  Cwt.  =z  420  ft,  and  9 
feet  — ^i 08  inches.  jn  ^  ™. 

Then,  AsioS:420::(?°  B  Anf. 

L  -°  •    7  /T  ) 

Of  the    W  H  E  E  t    and    AXLE. 

90.  The  proportion  for  the  wheel  and  axle  (in  which  the  pow 
er  is  applied  to  the  circumference  of  the  wheel,  and  the  weight 
is  raifed  by  a  rope,  which  coils  about  the  axle  as  the  wheel  turns 
round)  is,  As  the  diameter  of  the  axle  is  to  the  diameter  of  the 
wheel  ;  fo  is  the  power  applied  to  the  wheel,  to  the  weight  iuf- 
pended  by  the  axle. 

A  mechanic  would  make  a  wihcjlafs  in  fuch  a  manner,  as  that 
1  ft  applied  to  the  wheel,  fhould  be  equal  to  10  ft  fufpended  from 
the  axle  ;  now,  fuppofing  the  axle  to  be  6  inches  diameter  ;  Re 
quired  the  diameter  of  the  wheel  ? 

ft     in.      ft    in..  ^ 
As  10  :  6  :  :  i  :  60  iriverfely,  the  diameter  required. 

91.  Suppofe  the  diameter  of  the  wheel  to  be  60  inches  ;  Re 
quired  the  diameter  of  the  axle$  fo  as  that  i  ft  on  the  wheel  may 
balance  10  ft  on  the  axle  ? 

ft     in.      ft     in. 
Inverfely,  As  i  :  60  : :  10  :  6  diameter  required. 

92.  Suppofe  the  diameter  of  the  axle  6  inches,  and  that  of  the 
wheel  60  inches  ;  What  power  at  the  wheel  will  balance  10  ft 
at  the  axle  ?  in.    ft        in.   ft 

Inverfely,  As  6  :  10  : :  60  :  i  Anf. 

93.  Suppofe  the  diameter  of  the  wheel  60  inches,  and  that  of 
the  axle  6  inches  ;  What  weight  at  the  axle  will  balance  i  ft  at 
the  wheel  ?  in.     ft     in.     ft 

Inverfely,  As  60  :  i  :  :  6  :  10  Anf. 

Of  the   S  c  R  E  \v. 

04.  The  power  is  to  the  weight,  which  is  to  be  raifed,  as  the 
diftance  between  two  threads  of  the  fcrew,  is  to  the  circumfer 
ence  of  a  circle  defcribed  by  the  power  applied  at  the  end  of 
the  lever. 

RULE.— Find  the  circumference  of  the  circle  defcribed  by  the 

end  of  the  lever  ;  then,  As  that  circumference  is  to  the  diflance 

between  the  fpiral  threads  of  the  fcrew  ;  fo  is  the  weight  to  be 

raifed,  to  the  power  which  will  raife  it}  abating  the  friction,  which 

A  a  a  is 
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is  not  proportional  to  the  quantity  of  furface  ;  but  to  the  weght 
of  the  incumbent  part  ;  and,  at  a  medium,  -i-  part  of  the  effeft  of 
the  machine  is  deftroyed  by  it,  fometimes  more  and  fometimes  lefs. 

There  is  a  fcrew,  whole  threads  are  an  inch  afunder;  the  lever 
by  which  it  is  turned,  30  inches  long,  and  the  weight  to  be  raif- 
ed  a  ton,  or  2240  ft  ;  What  power  or  force  muft  be  applied  to 
the  end  of  the  lever,  fufficient  to  turn  the  fcrew — that  is,  to  raif'e 
the  weight  ? 

The  lever  being  the  femidiameter  of  the  circle,  the  diameter 
is  60  inches  ;-then,  3,1416x60  =z:  188.496  inches,  the  circum 
ference  :  ft  ft  m.  in. 

Therefore,  As  188,496  :  i  :  :  2240  :  11,88,  Anf. 

95.  Let  the  lever  be  30  inches,  (the  circumference  of  which 
is  found  to  be  188,496)  the  threads  i  inch  afunder,  and  the  pow 
er  -ii 588  ft  ;  Required  the  weight  to  be  raifed  ? 

in.         in.  ft  ft 

As  i  :  188,496  : :  11,88  :  2240  nearly,  Anf. 

96.  Let  the  weight  be  2  240  ft,  the  power  11.88  ft,  and  the  lev 
er  30  inches  ;  Required  the  Iliftance  between  the  threads  ? 

ft  ft  in*         in. 

As  2240  :  1 1,88  :  :  188.496  :  t  nearly,  Anf. 

97.  Let  the   power  be  11,88   ft,  the  weight   2240  ft,  and  the 
threads  an  inch  afunder,  to  find  the  length  of  the  lever  ? 

^10-  •  ' 

IB         in.     in. 

As  11,88  :  2240  : :  i  :  188,5  »  Then,  As  355  :  113  ::  188,5  :  60 
inches  nearly,  the  diameter,  and  6o-~2  —  30  inches,  Anf. 

98.  Suppofe  one  of  thofe  meteors,  called  fire  balls,  to  move 
parallel  to  the  earth's  furface,  and  50  miles  from  it,  at  the  rate  of 
20  miles  per   fecond  ;  In  what  time  would  it  move  round  the 
earth  ?  

Suppofe  the  earth's  diameter  8000  miles,  then  8oo©-j-5cX  2  zz 
8iOO  the  diameter  of  the  circle  defcribed  by  the  ball  :  Ihen,  As 
113  :  355  :  :  8100  :'25446,9  miles  nearly,  its  circumference,  and 
25446,9-^0  —  1272,345  Icconds,  —  21'  12"  19'"  AnJ. 

99.  Sound,  uninterrupted,  moves  about  1 1  42  feet  in  a  fecond  ; 
How  long,  then,  after  firing  of  a  cannon  at  Newburyport,  before 
it  will  be  heard  at  Ipfwich,  eftimating  the   diliance  at  10  miles 
in  a  right  line  ? 

10  miles  zz  52800  feet,  and  52800-:- 1 142  nr  4^-||4  feconds,  AnJ. 

ico.  In  a  thunder  dorm  I  oblerved  by  my  clock  that  it  was  6 
feconds  between  the  lightning  and  thunder  ;  at  what  diftance 
wasthe  explofion  ?  1 142x6  zz  685 z  feet  zz  \  J|(T  mile,  Anf. 

101.  Tubes  may  be  made  of  gold,  weighing  not  more  than  at 
the  rate  of  ^--^  of  a  grain  per  foot  :  What  would  be  the  weight 
offucha  tube,  which  would  extend  acrofs  the  Atlantic,  from  Bof- 
ton  to  London,  eftimating  the  diftance  at  lOOO  leagues  ? 

1OOOX3—  3000  miles,  and  3000X5280  zz  15840000  feet,  and 

.  AnJ. 
102.  The 
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102.  The  mean  diftances  of  the  planets  from  the  Sun  in  Englifh 
miles  are  as  follows  ;  viz.  Mercury  36841468  ;  Venus  68891486  ; 
the  Earth  95173000;    Mars   145014148  *»    Jupiter^  49499°976  5 
Saturn  907956130,  and  the  Moon  240000  from  the  Earth  :   Now, 
as  a  cannon  ball,  at  its  firft  difcharge,  flies  about  a  mile  in  8  fec- 
onds,  and  found,  1142  feet  per  fecond  ;  How  long  would  a  bul 
let,  at  the  aforementioned  rate,  be  in  pafling  from  the  Earth  to 
the  Sun,  and  found  in  moving  from  the  Sun  to  Saturn  ? 

95173000 X  8"—  24  years,  52  days,  7  hours,  33  minutes,  20  fec- 
onds,  for  the  paflage  of  the  ball  ;  and  9O7956i3oX 528°  = 
4794008366400  feet,  and  4794008366400-1-1142  zz  i$%yrs.  41^. 
aoA.  55w.  49-fypf«-  So  long  would  found  be  in  pafling  from  the 
Sun  to  Saturn. 

103.  Light  paffes  from  the  Sun  to  the  Earth  in  about  8  minutes  ; 
How  long  would  it  be  in  palling  from  the  Sun  to  Herfchdl's  Plan 
et,  or  the  Georgium  Sidus,  fuppofing  it  to  be  5000000000  miles  ? 

As  95173000  :  8'  :  :  5000000000  :  7 h.  Om.  \js.  7'",  AnJ. 

104.  The  diameter  of  the  Sun  is  890000  miles  ;  Mercury's  di 
ameter   3000  ;  Venus's  7924  ;  the  Earth's  7970  ;  Mars's  7338  ; 
Jupiter's  94000  ;  Saturn's  78000,  and  the  Mcon's  2182  ;    What 
is  the  comparative  magnitude  between  the  Sun  and  the  Earth, 
and  between  the  Earth  and  all  the  others  ? 

The  Sun~  899000X890000x8900004-7970X7970X7970  zz 
1392499.52  times  larger  than  the  Earth.  The  Earth  —  7970 X 
7 97°  X  7970-7-3000 X3000X 3000  zz  18,75  larger  than  Mercury. 

zz797oX797°X797°-^7924X7924X7924  —  1>°1T5  times  lar&- 
er  than  Venus.  zz  7970 X  7970 X  7970-^-5400  x 5400 X  5400  zz 
3.21  times  larger  than  Mars,  nz 7970 X  7970 X  7970~ai^2X  21^2 
X  2 1 8  2  zz  48,82  times  larger  than  the  Moon.  J upiter  zr  94000 X 
94000X94000-7-7970X7970X7970"  1640,62  times  larger  than 
the  Earth.  Saturn  zz  78ooox  78oooX  78oGO~79/ox  797OX 
7970  zz  937,36  times  larger  than  the  Earth. 

105.  The  denfity  of  the  Moon  is  to  that  of  the  Earth,  as  123,5 
to  100  :   What  is  the  proportion  between  the  quantity  of  matter 
in  the  Earth  and  that  of  the  Moon,  allowing  the  Eaith's  diame 
ter  to  be  7970,  and  the  Moon's   2182  miles,  and   iuppofmg  the 
Earth  to  be  a  complete  fphere,  which  however  it  is  not  ? 

T-I          •    7970X7970X7970X100 

There  is  ^ ^~ tZl —  39,534  times  the  quan- 

2182X2182X2182X123,5 

tity  of  matter  in  the  Earth  more  than  is  in  the  Moon.  In  other 
words,  the  Earth  weighs  fo  much  more  than  the  Moon. 

106.  The  mean  diameter  of  the  Earth's  orbit  (or  annual  path 
round  the  Sun)  is  191263000  miles  ;  Required  its  mean  motion, 
(or 'the  fpace  through  which  it  moves,)  per  minute  ? 

1 91 263000  X  35 M1^  ~  60087 1840,8  miles  circumference  ;  then, 

Days.  Miles.  Miles. 

As  365,25  :  600871840,8  ::  i'  :  1142,44  Anf. 

N.  B>  The  Earth's  diurnal  motion  round  its  axis  is  17^  miles 
per  minute,  at  the  equator,  0;-' 
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Of  the  SPECIFIC  GRAVITIES  of  BODIES. 

The    fpecific  gravities    of   bodies  are    as   their   denfities,  or 
weights,  bulk  for  bulk  ;  thus,  a  body  is  (aid  to  have  two  or  three 
the  fpecific  gravity  of  another,  when  it  contains  two  or 
three  times  as  much  matter  in  the  fame,  fpace. 

A  body,  irnmerfed  in  a  fluid,  will  fink,  if  it  be  heavier  than  its 
bulk  of  the  fluid.  If  it  be  fufpended  therein,  it  will  lofefo  much 
i)f  -.vhat  it  weighed  in  the  air,  as  its  bulk  of  the  fluid  weighs. 
Ilcnc-1,  all  bodies  of  equal  bulks,  which  will  fink  in  fluids,  lofe 
weights  when  fufpended  therein,  and  unequal  bodies  lofe 
in  proportion  to  their  bulks. 

Th,: hydrojtatic  balance  differs  very  little  from  a  common  bal 
ance  that  is  nicely  made  ;  only  it  has  a  hook  at  the  bottom  of 
each  fcale,  on  which  fmall  weights  may  be  hung  by  horfe  hairs, 
fo  that  a  body  fufpended  by  the  hair,  may  be  irnmerfed  in  water 
without  wetting  the  fcales. 

Ho:o  to  find  the  Specific  Gravities  of  Bodies. 

If  the  body  thus  fufpended  under  the  fcale,  at  one  end  of  the 
balance,  be  firft  counterpoifed  in  air  by  weights  in  the  oppofite 
fcalc,  and  then  irnmerfed  in  water,  the  equilibrium  will  be  im 
mediately  deftroyed  ;  then,  if  as  much  weight  be  put  into  the 
fcale,  to  which  the  body  is  fufpended,  as  will  reflore  the  equilib 
rium,  (without  altering  the  weights  in  the  oppofite  fcale)  that 
weight,  which  reftores  the  equilibrium,  will  be  equal  to  a  quan 
tity  of  water  as  big  as  the  irnmerfed  body  ;  and  if  the  weight  or* 
the  body  in  air  be  divided  by  what  it  lofes  in  water,  the  quotient 
will  fhew  how  much  that  body  is  heavier  than  its  bulk  of  water. 
Thus, if  a  guinea,fufpended  in  air,  be  counterbalanced  by  129  grains 
in  the  oppofite  fcale,  and  then,  upon  being  irnmerfed  in  water, 
it  becomes  fo  much  lighter,  as  to  require  7!  grains  to  be  put  into 
the  fcale  over  ir,  to  reftore  the  equilibrium,  it  (hews  that  a  quan 
tity  of  water,  of  equal  bulk  with  the  guinea,  weighs  7,25  grains  ; 
by  which  divide  129  (the  weight  of  the  guinea  in  air)  and  the 
quotient  will  be  17,793  ;  which  fhews  that  the  guinea  is  17,793 
times  as  heavy  as  its  bulk  of  water. 

Thus  may  any  piece  of  gold  be  tried,  by  weighing  it  firfl  in 
air,  and  then  in  water  ;  and  if,  upon  dividing  the  weight  in  air 
by  the  lofs  in  water,  the  quotient  comes  out  17,793,  the  gold  is 
good  :  If  the  quotient  be  18,  or  between  18  and  19,  the  gold  is 
very  fine  ;  but,  if  it  be  lefs  than  17,  the  gold  is  too  much  alloy 
ed,  by  being  mixed  with  fome  other  metal. 

If  filver  be  tried  in  this  manner  and  found  to  be  1 1  times  as 
heavy  as  water,  it  is  very  fine  :  If  it  be  ic-J  times  as  heavy,  it  :<; 
ftandard  ;  but  if  it  be  of  any  lefs  weight,  compared  with  water, 
it  is  mixed  with  fome  lighter  metal,  fuch  as  tin,  &c. 

If  a  piece  of  brafs,  glafs,  lead,  or  filver,  be  irnmerfed  and  fuf 
pended  in  different  forts  of  fluids,  the  different  loffes  of  weight 
therein  will  fhew  how  much  heavier  it  is  than  its  bulk  of  the 

fluid  ; 
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fluid  ;  that  fluid  being  lighteftj  in  which  the  immerfed  body  lofes 
leafl  of  its  aerial  weight. 

Common  clear  water,  for  common  ufes,  is  generally,  made  a 
ilandard  for  comparing  bodies  by,  whofe  gravity  may  be  repre- 
fented  by  unity,  or  i,  or,  in  Caft  great  accuracy  be  required,  by 
ijOOO,  where  3  cyphers  are  annexed  to  give  room  to  exprefs  the 
ratios  of  other  gravities  in  larger  numbers  in  the  table,  in  do 
ing  this  there  is  a  twofold  advantage  ;  the  firfl  is,  that,  by  this 
mean,  the  fpecific  gravities  of  bodies  may  be  exprefied  to  a 
much  greater  degree  of  accuracy.  The  fecond  is,  that  the  num 
bers  of  the  Table,  confidered  as  whole  numbers,  do  alfo  exprefs 
the  ounces  Avoirdupois  contained  in  a  cubic  foot  of  every  fort 
of  matter  therein  fpecified  ;  becaufe  a  cubic  foot  of  common  wa 
ter  is  found  by  experiment  to  weigh  very  nearly  iCCO  ounces 
Avoirdupois,  or  62^  pounds, 

A  TABLE  of  the  Specific  Gravities  of  fever  al  f olid  and  fluid  Bodies  ; 
where  the  fecond  Column  contains  their  Abfolute  Weight^  and  the 
third,  their  Relative  Weight^  in  Avoirdupois  Ounces, 


A  Cubic  Foot  of 

\AbJo. 
\  wt. 

\Rela. 

\    vet. 

A  Cubic  Foot  of 

Mfo. 

wt.    , 

ReU. 
wt. 

Platinarenderedmalle.  > 
able  and  hammered  } 

20170 

20,170 

Buck 
Live  Sulphur     -     - 

2OOO 
2000 

,000 

,000 

Very  fine  Gold 

1  0637 

1  Q  63? 

Ni*rs        -                • 

1QOO 

QOO 

Standard  Gold     -     - 

18888 

l8,888 

Alabafter 

1875 

!«75 

Guinea  Gold     .     - 

»7793 

17»793 

Dry  Ivory 

1825 

Moidore  Gold 

17140 

17,140 

Brimftone     - 

|8CO 

iSoo 

Juickfilver 

13600 

13,600 

Solid  fubf,  of  Gun  Pow. 

1745 

>745 

Lead         -               - 

1  1325 

1  t»325 

Alum 

1714 

»7»4 

Fine  Silver 

11087 

11,  0^7 

Ebony     - 

1117 

Standard  Silver 

10535 

l°,535 

Human  Blood 

1054 

>°54 

Rofe  Copper    -    - 
Copper 

9000 
8843 

9,000 
8,843 

Amber 
Cows'  Milk     -     -     - 

1030 
1030 

,030 
,030 

Plate  Brafs 

8000 

8,000 

Sea  Water         -       - 

1030 

.030 

Steel 

7852 

7,852 

Pure  Water     -     - 

1OOO 

1,000 

Caft  Brafs 

7850 

7,850 

Red  Wine     - 

993 

0,995 

Iron' 

7645 

7,645 

Oil  of  Amber         - 

978 

0,978 

Block  Tin 

7321 

Proof  Spirits*     _ 

925 

0,925 

Caft  Iron 

7135 

7»r35 

Dry  Oak     - 

925 

Lead  Ore 

6800 

6,800 

Olive  Oil         -    '     - 

9'3 

°>913 

Copper  Ore 

3775 

3.775 

Loofe  Gun  Powder 

872 

0,872 

Diamondv 

3400 

3,400 

Spirit  of  Turpentine  - 

864 

0,864 

Chryftal  Glafs 
White  Marble     -       - 

2707 

3»'5° 

2,707 

Akohol  or  pure  Spirit 
Elm  and  Am 

850 
800 

0,850 
0,800 

Black  ditto     - 

2704 

2,704 

Oil  of  Turpentine 

772 

0,772 

Rock  Chryftal     -       - 

7658 

2,658 

Dry  Crab  Tree 

765 

0,765 

Green  Glafs     - 

2620 

2,620 

^Ether 

732 

o,732 

Clear  Glafs 

2600 

2,600 

White  Pine     -     -     - 

569 

(Flint 

2582 

2,582 

Saffafras  Wood 

482 

0*482 

)  Paving 
StonC  3  Cornelian    - 

2570 
2568 

2,57° 
2,568 

Cork 
Common  Air     - 

440 

0^40 
0,00125 

(  Free    -      • 

2352 

2,352 

Inflammable  Air     -     - 

°i'X 

0,000  T  2 

*  Although  the  fpecific 
amount  lo  about  927, 


Specific 

jravity  be  925  according  to  theory,  yet,  in  faft,  it  will 


374       MISCELLANEOUS  QUESTIONS. 

Specific  Gravities  of  the 
Solar  Syjtcm. 


A  cubic 
F0ot  of 

ribjo. 
tot. 

Rdat. 
tot. 

i  he  Sun 

H333 

1Jj3?3 

Mercury 

9166 

9,«66 

Venus 

5733 

5,733 

Earth 

4500 

4,500 

Mars 

3286 

3,286 

Moon 

3°92 

3*092 

Jupiter 

1042 

i,0  ;> 

Saturn 

406 

0,406 

The  ufe  of  the  Table  of  Specific  Gravi 
ties  will  beft  appearby  feVeral  Examples. 
How  to  difcover  the  quantity  of  adulteration 

in  metals. 

Suppofe  a  body  be  compounded  of 
gold  and  filver,  <,«d  it  be  required  to  find 
the  quantity  of  each  metal  in  the  com 
pound. 

Firft  find  the  fpecific  gravity  of  the 
compound,  by  weighing  it  in  air  and  in 
water,  and  dividing  its  aerial  weight  by 
what  it  lofes  thereof  in  water,  and  the  quotient  will  fiiew  its  fpe 
cific  gravity,  or  how  many  times  it  is  heavier  than  its  bulk  of 
water.  Then,  fubtratt  the  fpecific  gravity  of  filver  (found  in 
the  Table)  from  that  of  the  compound,  and  the  fpecific  gravity 
of  the  compound  from  that  of  the  gold  :  The  firft  remainder  will 
fhew  the  bulk  of  gold,  and  the  latter,  the  bulk  of  filver  in  the 
whole  compound  ;  and  if  thefe  remainders  be  multiplied  by  the 
refpective  fpecific  gravities,  the  produfts  will  fhew  the  propor 
tional  weights  of  each  metal  in  the  body. 

Suppole  the  fpecific  gravity  of  the  compounded  body  be  14  ; 
that  of  ftandard  filver  (by  the  Table)  is  10.535,  aD^  that  of  ftand 
ard  goH  18,888  ;  therefore,  10,535  from  14,  remains  3,465,  the 
proportional  bulk  of  the  gold  in  the  compound  ;  and  14  from 
1 8,888,  remains  4,888,  the  proportional  bulk  of  filver  in  the  com 
pound  :  Then  18,888,  the  fpecific  gravity  of  gold,  multiplied 
by  the  fiift  remainder  3,465,  produces  65,447  for  the  proportion 
al  weight  of  gold  ;  and  10,535,  the  fpecific  gravity  of  filver, 
multiplied  by  the  laft  remainder,  produces  51.495  for  the  pro 
portional  weight  of  filver  in  the  whole  body  :  So  that  for  every 
65,447  ounces  or  pounds  of  gold,  there  are  51S495  ounces  or 
pounds  of  filver  in  the  body. 

Hence  it  is  eafy.to  know  whether  any  fufpefted  metal  be  gen 
uine,  or  alloyed  or  counterfeit,  by  finding  how  much  heavier  it 
is  than  its  bulk  of  water,  and  comparing  the  iame  with  the  table; 
if  they  agree,  ihe  metal  is  good  ;  if  they  differ,  it  is  alloyed  or 
ccunterickcd. 

Hor'j  to  try  Spirituous  Liquors. 

A  cubic  inch  of  good  brandy,  rum,  or  other  proof  fpirits, 
weighs  234  grains  ;  therefore,  if  a  true  inch  cube  of  any  metal 
weighs  234  grains  Icfs  in  fpirits  th-m  in  air,  it  ihews  the  fpirits 
are  proof  :  it  it  lofe  lefsof  its  serial  weight  in  fpirits,  they  are  a- 
bove  proof  ;,  if  it  lofe  more,  tiiey  arc  und?r  proof  ;  for  the  bet 
ter  the  fpirits  are,  the  lighter  they :are,  and  the  worfe,  the  heavier. 
Or,  let  any  folid,  of  fufficicnt  fpecific  gravity,  be  weighed 
firft  in  air,,  then  in  water,  and  then  in  another  liquid  ;  from  its 

weight 
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weight  in  the  air  take  its  weight  in  water,  and  the  remainder  is 
the  weight  of  its  bulk  of  water.  From  its  weight  in  air  take  its 
weight  in  the  other  liquid,  and  the  remainder  is  the  weight  of 
the  fame  quantity  of  that  licjuid.  Divide  the  weight  of  this 
quantity  of  liquid  by  the  weight  of  the  fame  quantity  of  water, 
and  the  quotient  will  be  the  fpecific  gravity  of  the  liquid. 

All  bodies  expand  with  heat,  and  contract  with  cold  ;  but  fomc 

more,  and  fome  lefs  than  others  ;    therefore,  the  fpecific  gravi 

ties  of  bodies  are  not  precifely  the  fame  in  fummer  as  in  winter. 

The  four  following  Problems,  relating  to  Spirituous  Liquors,  are  wrought 

by  Alligation. 

107.  What  ptoportion  of  rectified  fpirits  of  wine  muft  be  mix 
ed  with  water,  to  make  proof  fpirit  ;  the  fpecific  gravity  of  the 
rectified  fpirits  being  850,  that  of  proof  fpirit  925,  and  of  water 
iOOO  ? 


925     's^    75      Or  e1ual  meafures- 

108.  What  proportional  weight  of  rectified  fpirits  of  wine  and 
water  muft  be  mixed,  to  make  proof  fpirit,  the  fpecific  gravities 
as  before  ? 

IOOO          20 

Anf.  —  -  zz  —  '  or  as  20  to  17. 
J    850        *7 

109.  What  is  the  fpecific  gravity  of  beft  French  brandy,  con- 
fifting  of  5  parts,  meafure,  of  reclined  fpirits  of  wins,  and  3  parts 
water?  850X5  —  4250 

1000X3  ~  3°°° 

5+3  = 

906,  2  £  zz  fpecific  gravity. 

no.  A  retailer  has  30  gallons  of  rurn^  whofc  fpecific  gravity  is 
500  ;  How  much  water  muft  he  add,  to  reduce  it  to  ftandard  proof  ? 

f  iOOO  ~\  25  "1       G.rum.  G.  wat.  G.  rum.  G.  wat. 
C)251   900/75J    As  75     :     25    ::    3°    :     10  to  be  added. 

1-11.  The  cubic  inch  of  common  glafs,  weighs  about  1,3602. 
Troy  ;  ditto  of  fait  water  ,542702.  ditto  of  brandy  ,4892702.  Sup- 
pofe  then,  a  feaman  has  a  gallon  of  brandy  in  a  bottle,  which 
weighs  4-  ft>  Troy,  out  of  water,  and,  to  conceal  it,  throws  it 
overboard  into  fait,  water  :  Pray,  will  it  fink  or  fwim,  and  by  how 
much  is  it  heavier  or  lighter  than  the  fame  bulk  of  fait  water  ? 

4!  iizi:54oz.  zz  weight  of  bot.  ^—?  nr  39,7059  cub.  in.  in  the  bot, 

lj&6 
Add  231         zz  do.  in  the  brandy, 

2/O}7°59  —  ditto  in  both. 

Then,  27  3,*  059  X  .5  127  zz  146.9120;:.  zr  weight  of  fait  water 
pied  by  the  battle  and  brandy.     And,  48927  (  —  weight  of  a 
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cubic  inch  of  brandy)  X231  z=  113,0202.  and  1 13,024-54  =r 
167,0202.  in  weight  of  the  bottle  and  brandy.  From  this  take 
the  weight  of  the  fait  water,  viz.  146,91202.  and  it  leaves 
30,1103.  Anf.  Suppofing  the  bottle  full,  it  is  20,1 102.  heavier  than 
the  fame  bulk  of  fait  water,  and  therefore  will  fink. 

Given  the  weight  to  be  raifed  by  a  balloon,  to  find  its  diameter. 

RULE  t, — As  the  fpecific  difference  between  common  and  in 
flammable  air,  is  to  one  cubic  foot  ;  fo  is  any  weight  to  be  raif 
ed,  to  the  cubic  feet  contained  in  the  balloon. 

2.  Divide  the  cubic  feet  by  ,5236,  and  the  cube  root  of  the 
quotient  will  be  the  diameter  required,  to  balance  it  with  com 
mon  air  ;  but,  to  raife  it,  the  diameter  muft  be  fomewhat  greater, 
or  the  weight  fomewhat  lefs. 

112.  I  would  conftruft  a  fpherical  balloon  of  fufficient  capacity 
to  afcend  with  4  perfons  weighing  one  with  another  160  ft,  and 
the  balloon  and  a  bag  of  fand  weighing  60  ft  ;  Required  the  di 
ameter  of  the  balloon  ? 

By  the  Table  of  Specific  Gravities,  page  373d,  I  find  a  cubic 
foot  of  common  air  weighs  1,25  ounce  Avoirdupois,  and  a  cubic 
foot  of  inflammable  air  ,12  of  an  ounce  Avoirdupois  ;  therefore, 

ft  ft         ft  02. 

1^25 — ,i2rr:  1,1302.  difference.  Andi6oX44"^o~7C>o-i:.ii2co. 

oz.Cub.foot.    oz.        Cub. feet.  20011,5044 

As  1,13  :  i   ::  11200:9911,5044-  And  V      C9o6       =    *6>6S 

[feet,  An/. 

Given  the  diameter  cf  a  balloon,  to  find  what  weight  it  is  capable  ef 

raifing. 

RULE  i. — Multiply  the  cube  of  the  diameter  by  95236,  and  the 
produft  will  be  the  content  in  cubic  feet, 

2.  As  one  cubic  foot  is  to  the  fpecifie  difference  between 
common  and  inflammable  air ;  fo  is  the  content  of  the  balloon  to 
the  weight  it  will  raife. 

113.  The  diameter  of  a  balloon  is  26,65  feet  ;  What  weight  is 
it  capable  of  raifing  ? 

26, 65 X  26,65  x  26,65 X, 5236  =r  99ii,4-f-cubic  feet.    And 
Cub.foot.       oz.       Cub. feet.  oz. 

As  i     :     1,13  ::  9911,44-  :  11199,882  rz  700  ft,  nearly. 
If  the  magnitude  of  any  body  be  multiplied  by  its    fpecifie 
gravity,  the  produft  will  be  its  abfolute  weight. 

114.  What  weight  of  lead  will  cover  a  houfe,  the  area  of  whofe 
roof  is  6000  feet,  and  the  thicknefs  of  the  lead  -j-l^  of  a  foot  ? 

6OOOX  Y^ZZSO  cub.  feet,  and  its  fpecif.  grav.  1 1 325  X  50^:^66250 

Tons.  Cut.  qrs.  ft   oz. 
ounces  ~  15     15     3     26  10  Anfm 
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T&  find  the  magnitude  of  any  thing,  when  the  weight  is  known. 
Divide  the  weight  by  the  fpecific  gravity  in  the  Table,  and  the 
quotient  will  be  the.  magnitude  fought.  , 

116.  What  is  the  magnitude  of  feveral  fragments  of  clear  glafs, 
whofe  weight  is  13  ounces  ? 

13.^.2600  —  ,005  of  a  cubic  foot,  and  ,005  X*1?^  ~  8,640  cu 
bic  inches,  An/. 

Having  the  magnitude  and  weight  of  any  body  given,  to  find  itsjpfctyic 

gravity. 

Divide  the  weight  by  the  magnitude,  and  the  quotient  will  be 
the  fpecific  gravity. 

117.  Suppofe    a  piece  of  marble   contains  8  cubic   fert,  an<: 
weighs  J*53fll5,  or  21656  ounces-  ;  What  is  the  fpeciftc  gravity  >' 

21656—8=1:  2707.  the  fpecific  gravity  required,  as  by  the  Table. 

To  Jind  the  quantity  of  preffure  againjl  the  flujce  or  bank,  which  pent? 

water.  ,  . 

Multiply  the  area  of  the'fluice,  under  water,  by  the  depth  or 
the  centre  of  gravity,  (which  is  equal  to  half  the  depth  of  the 
water)  in  feet,  and  that  product  again  by  62  \  (the  number  <>i: 
pounds  Avoirdupois  in  a'cubic  foot  of  frefh  water)  or  by  64,4113, 
(the  Avoirdupois  weight  of  a  cubic  foot  of  fait  water)  and  the 
produft  will  be  the  number  of  pounds  required. 

118.  Suppofe  the  length  of  a  flu  ice  or  flume  be   30  feet,  and 
the  depth  of  the  water  '4  feet  ;  What  is  the  preffure  againfl  the 
fide  of  the  fluice  ? 

3OX  4  ~  1  23  feet,  the  area  of  the  dde,  and  1  2OX  2  (the  depf  h 
of  the  centre  of  gravity)  gives  240  cubic  feet,  and  240x62,5  — 
15000^  zz  6T.  iQczut.  $qrs.  soft, 


The  perpendicular  prejjure  of  'fluids  on  the  bottoms  cfvejfds  is  eftimatcd, 
by  the  area  of  the  bottom  multiplied  by  the  altitude  of  the  'Jim  d. 

119.  Suppofe  a  veffel  3  feet  wide,  5  feet  long,  and  4  feet  high  ; 
What  is  the  preffure  on  the  bottom,  it  being  filled  with  water  to 
the  brim  ?• 

3X5—15  fquare  feet,  the  area  of  the  bottom,  and  15X4  —  6fc 
cubic  feet,  and  60X62,5  •=.  375083  :n  ^cwt.  iqr.  2bft. 

The  USB  of  the  BAROMETER. 

The  barometer  is  fo  formed,  that  a  column  of  quickfilver  is 
fupported  within  it,  to  fuch  a  height  as  to  counterbalance  the 
weight  of  a  column  of  air,  of  an  equal  diameter,  extending  from 
the,  barometer  to  the  top  of  the  atmofphere. 

120.  At  the  furface  of  the  earth,  the  'height  of  this  column  of 
quickfilver  is,  at  an  average,  almofl  30  inches  ;  when  the  barom 
eter  is  at  that  height,  What  is  the  preffure  of  atmofplitre  on  a 
fquare  foot,  and  on  the  furface  of  a  man's  body,  eflimated  at  14 
fquare  feet  ? 

Sb5>  As 


MISCELLANEOUS  QUESTIONS* 

As  the  cubic  foot  of  quickfilver  is  13600  ounce?,  Avoirdupois^ 
and  as  the  height  in  the  barometer  is  2,5  feet^  therefore  13600 X' 
3,5  m  34000  ounces,  nr  2125  pounds  on  a  fquare  foot  ;  and 
21-25 X  *  4  ~~*  2975°  pounds  .on  a  man's  body. 

121,  If  the  mercury  in  a  barometer,  at  the  bottom  of  a  tower, 
be  obferved  to  (land  at  gcf  inches,  and,  on  being  carried  to  the 
top  of  it,  be  obferved  at  29,9  inches  ;  What  is  the  height  of  the 
tower  ? 

Divide  13600,  the  fpccific  gravity  of  quickfilver,  by  1,25,  the 
fpecific  gravity  of  air,  and  the  quotient  will  be  the  height  of  the 
tower,  in  tenths  of  an  inch. 

£••=:  10880  tenths,  and  — — -  =  1088. inch,  rz  go-}/*.  4nf» 

The  number  of  feet,  in  height,  of  the  atmofphere,  correfpond- 
ing  with  ^  of  an  inch  on  the  barorrfeter  is  variable,  depending 
on  the  temperature  and  den  (icy*  of  the  atmofphere. 

The  variation,  depending  on  the  temperature,  is '{hewn  in  the 
following  Table,  calculated  for  every  5  degrees,  from  32  to  80, 
Farenhett's  Thermometer,  from  whence  it  ma^   be  eafily  calcu 
lated  for  the  intermediate  degrees,  by  allowing  -f^of  a.  foot  for 
each  degree. 
TAB  L  E. 
Thermo,  feet. 

86786  T**e  altitude,  thus  found,  will  be  to  the  altitude 
:orre£led  forHhe  dei>fity  of  the  air.  inverfely,  as 
the  mcan.^height  of  the  barometer, '  at  the  two  fta- 


45 


55 
60 


80 


90,66 

91-?2 
92-77 
93,8. 


95.93 


tions,  is  to  30  inches  ;  therefore, 
*  RULE. — Multiply  the  msan  height  correfpond- 
ing  to  the  mean  temperature  of  the  two  barometers 
(found  in  the  Table)  by  the  tenths  of  -'an  inch  in  the 
difference  .of  the  two  barometers,  and  this  pr»du£t 
70  i  94,88  by  C°  5  divide  this  laft  produ6t  by  the  mean  height 
of  the  two  barometers,  and  the  quotient  will  be  the 
irifwer,  or  height  rcrquired.  with  the  error  of  a  fev/ 


feet  only,  if  the  height  be  lefi  th^n  a  mile.* 


1; -i.  At  the  ift  Ration,  fuppofc  tbc  barometier'to  iland  at  29, 
and  the  thcrrnomcter  at  66  ;  at  the  2d  ftation,  the  barometer  at 
28,  and  the  thermometer  at  40 .:  What  is  the  height  o/ the  2d  fta-, 
tion,or  the  diftance  between  the  two  places  of  obfcrvation  ?. 

Bdron:ctert 

*  Let  h  rrr  mean  height  or   '  ns,  (or  of  two  barome- 

c  at  each  ftat;on)  in  :.  •  wo  barometers  in  tenths 

of  an  inch  ;  a»d  n.^z  number  LO  the  mean  temperature 

of  the  two  thermometers  accorr.pn  ron^eter,  iken  ^— -  =:  lha   altitude 

.  d  nearly. 
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f  Firft  ftation       ;  —  2 
\Second  ftation  =:  2 


-£fum  zz  28,5  -—  mean  height  of  the 
barometers. 

II 

-  Difference  zz:    i  zz:  10  tenths  of  an  inch. 

Thermometer. 
Firft  flat  ion       rz:  60 
'Second  ftation  zz:  40 

ijioo 

50  ±z:  mean  height  of  the  two  thermometers, 
againft  which,  in  the  Table,  you  will  find  90,66,  the  mean  tem 
perature  of  the  two  barometers.  Now  according  to  the  rule 
90,66  X  1.0X30^-28,5  zz:  954,3  feet,  the  An/we,;  nearly. 


TAB 


E      S. 


Value  cj  Englijli  and  Por- 
tuguefe  gold,  in  dollars, 
cents  arid  mills,  through- 
cut  the  United  States, 

Cr. 

<Jj.    ;/zt 

7Jo>/.f. 

Dfits.cts. 

i 

3     7' 

i 

•o  89 

2 

7     4 

2 

i    77t 

3 

11      i 

3 

2  66f 

4 

14    8 

4 

•  3  55? 

5 

18^0 

5 

6 

22       2 

6 

,5  83» 

7  . 

35    9 

7 

6    22 

8 

29     6 

8 

7   ri 

9 

33lo 

9 

8     o 

10 

37     o 

10 

8  89 

11  , 

40  '  7 

11 

9  7'7^ 

12 

44     4 

12 

10  66f 

*3 

48     i 

13 

11   55k 

*4 

jgt     8 

14 

12  44^ 

i  ^ 

55     5 

i  ^  1^4- 

16  * 

59|o 

16 

14    22 

17 
18 

63     o 
66|  o 

*7 
18 

15     II 

16     o 

'9 

70     4 

*9 

16    89 

20 

71     o 

1PZ. 

17   7  7  -3- 

7.1 

77§  Q 

JWfc. 

Sq  cento  i?  the 

22 
"3 

8ii  o 
85     2 

val":     of      t     i^ermv- 
vi'cjght  of  E.ogfRh  and 
Portugiiefe  Goid.         j 

Value  of  French  and  Span- 

ijli  g&td,  in  dollars,  cents 

and  mills,  throughout  the 

United  States. 

Gr. 

Qj'i"  772 

Pwts, 

Dols.cti.  m. 

i 

3    6 

1 

o  87     6 

2 

7     3 

2 

1    75     2 

3 

11       0 

3 

a  62^  o 

4 

14    6 

4 

3  50     3 

5 

l8"    2 

5    5 

4  38     o 

6 

21       9 

6 

5  25     5 

8 

25    5 

29       2 

I 

6  13     i 

707 

9 

32     8 

9 

V  88     3 

10 

36-3-0 

10 

8  76     o 

ii 

40     |, 

Tl 

9  63^  o 

12 

43    8 

12 

10  51"  i 

*3 

47     4 

13 

-ii   38     7 

14 

51  ,  J 

J4 

12  26     3 

16 

58    4 

.:§ 

I3  f  i  o 

17 
18 

62    o 
6.5    7 

17 
18 

14  89     o 
1576     6 

19 

69    3 

'9 

16    64       2 

.20 

73    o 

102. 

17  <;i     8 

21 

76    6 

22 

80    3 

A'^rs.  87  cents  6  mills, 
the  valus  of  i    pennyr 

J>3_ 

JfLJL 

weight      French       »«->d 
Spani.1i  goW, 

TABLES   ©  F   EXCHANGE. 


Federal 
Monty, 

\  r\,/    j 

N.  Hamb- 
Jbire, 

Majjachufclt.). 
R.  IjUnd,  ' 
Connecticut, 
&  Virginia. 

Nevoyork 
and 
N.  Carolina. 

N.  Jerfty, 
Pennfylvania 
Delaware  £? 
Maryland. 

5.  Carolina 
G  Georgia. 

Canada,  and 
Novafcotia. 

French. 

0,0    1 
O,O    £ 

°!°     3 

0,0  .4 

o.o  5 

£,      ,.V 

"25 
»« 

**4] 

211 

3  1 

/.     s.  d. 

24 

.n 

II 

22-5 

3li 
4  A 

[.  j.    d. 

9 

To 

*& 

^ 

3-,6o 
4T5o 

£  .     A.      d. 

*$ 

'^3T 

H1 
4A 

3A 

£•  s-  d- 
| 
H 

Ji 

2n 

3 

Liv.    )  Sous. 
Tour.  J  1^5 

2f° 

3T3* 
4  i 
5  i 

C,G    6 

c,o  7 
o.o  8 
c.o  9 

4Tr\ 
5& 
5-B 
HI 

slf 

HI 

«{ 

IS; 
1 

8fr 

341 
4i| 

S^T 

31 
4| 
4f 
5| 

6^ 

21 

9^o 

|  "     c>i   o 

C,,j    Ci 

0,4  G 
0,5  o 

7  i 

1    2    | 
19    1 
24    1 
30 

sH 

1  7i 
2  4^ 
3  21 
4  o 

9 
i  6 

2  3 
3  o 
3  9 

54 
11  i 

1    4* 

i  to  | 

2    4 

6 

1  O 

i  6 

2  0 
2   6 

19   \ 
1      1 
1   11    | 
2      2 
2  12    |- 

c,6  o 
0,7  o 
c,8  o 

3  7  i 
4,2  1 

49  1 
54  f 

4  91 

5  74 
64| 

7  ^ 

4  6 
5  3 
6  o 
6  9 

2    9  4 
3    3  i 
3    »* 

4    2  | 

30 
36 

40 
46 

3      3 

3  '3  1 

4  M  T 

J,0    0 
2,O     0 

3»°  ° 
4,0  o 
5,0   o 

6  o 

12    0 
l8o 

i      4  o 
i    10  o 

8  o 
16  o 
i      4  o 

1     12    0 

2        O    0 

7   6 

15   o 

I       2     6 

t     10     0 

i   17    6 

4      8 
9     4 
14.     o 
18     8 
1     3.4 

5  o 

10    0 

15  o 

1       0^0 

i     5*0 

5      5 

10     I» 

»5    15 

21        O 

26     5 

6,0  o 

•roo 
fc\0    0 
<),O     () 

i    16  o 

2       20 
280 
2    14    0 

280 
2     l6    0 
340 

3  i*  o 

250 

2    12     6 

300 

3     7    6 

i     8     o 

1     12        8 

i   17     4 

320 

i   to  o 
i    15  o 

2       00 
3       5    0 

31    10 

36  15 

42      o 
47      .5 

JO,O     0 

9  0,0    0 

40,0  -o 

50,0    r. 

300 
6OO 

9    °  ° 

12       O      O 

15     o   o 

400 
800 

1200 

16     o  o 

20      0    0 

3   '5   o    . 
7  10   o 
11     5   o 
15     o  o 
18  15  o 

a    6     8 

4  13     4 
7     ©      o 
9'    6     8 
11    *3      4 

2    10    0 

5     o  & 

7   10  o 

IO      O    O 
1  2    1O    O 

5a    1(> 
105     o 
157    Jo 

210       0 

262    10 

6oto  o 
70,0  o 
80,0   o 
qo.o  o 

18     o  o 

21        O    O 

24     o  o 

27     o  o 

24     o  o 
28     o  o 
3-5     o  o 
36     o  o 

22     1O     O 

26     5   o 
30     o  o 
33  J5   ° 

1400 
16    6     8 
18  13      4 

2100 

15     t)  o 
17   10  o 
20     o  o 
aa   i  o  o 

3'5     o 
367    10 

420     o 

472    to 

100,0  o 
2,00,0  o 
300,0  o 
400,0  o 
500,0  o 

30     o  o 
60     o  o 
90     o  o 

120       00 

1  50     o   o 

40     o  o 
So     o  o 

t  i  O       O    O 

160     o  o 

2OO       O    O 

37   10   o 
75     °   ° 

112     10     0 

150     oo 
187   10   o 

23     6      8 
4613      4 
70     o     o 
93    6     8 
fr6  13      4 

25     o  o 
50     o  o 
75     o  o 

03      0    0 

25     o  o 

525     o 
050     o 

575     o 

2100        0 

26^5     o 

600,0  o 
700,0  o 
800,0  o 
tqoo,o  o 
1000,0  o 

i  tto     o  o 

21O       O    O 

440    o  o 
270    o  o 
300    oo 

2^0     o  o 
280     o  o 
320    o  o 

360       G    0 

400     o  o 

225     o    o 
262  10   o 
300    o   o 
337  10   o 
o    o 

140     o      o 
v63     6     8 
186  13     4 

21O       O        O 

/•*           o 

M3    6     ^ 

50     o  o 

75     »  ° 
200     o  o 
.25     o  o 

0    0 

3»5°     ° 
3675     ° 
.200      o 
725      o 

TABLES   or   EXCHANGE. 


V.    Ramp. 
Maflachu. 
jt    {/land, 
wnncflicut. 

Federal 
Coin. 

Neuiyork 
2nd  Northtar- 
olina. 

Pennsylvania, 
Delaware  3 

5.  Carolina 
and  Georgia. 

Eng,  Money. 

French  Money. 

Ind  Virgin, 

Maryland. 

Lwr.  {•«    c 

€•   '.i. 

Dol.     d.c. 

£'.     s.    d. 

£.      s.   d. 

£.     *.     d. 

£.     s.   d.^ 

Tour.  $  5m' 

1 

o,oiT7T 

i! 

M 

7 

V 

!li 

2 

0,02^- 

2f 

21 

1-f- 

li 

2TT 

3 

0,0^1 

4 

31 

2-| 

2? 

4  4 

4 

0,05^ 

51 

5i 

31 

3 

5  4 

5 

o,o6| 

4 

3f 

Si 

7  7T 

6 

0,08! 

8f 

71 

41 

8  -1 

7 

6,092. 

91 

8^ 

54 

5-i 

lOA: 

8 

Oj11! 

o 

10 

H 

6 

11     2 

11  ^ 

9 

0,121. 

2    0 

1  !4 

7 

6| 

13  1 

10 

11 

2*8 

1  'i 

1  H 

'      >f 

7| 
«f 

71 

1    0 

0,1  6| 

.-14 

i  3 

9^- 

9 

17  \ 

2    0 

0,331 

2    8 

2    6 

i     6| 

i  b 

1   15 

3  a 

0,50 

4  ° 

3  9 

2     4 

2  3 

2    12    ^ 

4  o 

o,66f 

5  4 

5  ° 

3     »i 

Q    O 

3  10 

5  o 

0,83! 

6  8 

63 

3  i°| 

3  9 

474 

6  o 

,00 

8  o 

7  6 

4     8 

4  6 

5    5 

7  ® 

,i6f 

9  4 

8  9 

5     4| 

5  3 

6       2    | 

8  o 

*33^ 

10  8 

JO  O 

b        £6 

6  o 

7     o 

o  o 

Ij5°2 

12    O 

11  3 

7    o 

6  9 

7  17  -1 

lO   0 

13  4 

12    6 

7  6 

»  15 

100 

3^331 

168 

i     5  ° 

15     b|. 

15  o 

i?  10 

2    O    0 

6,66» 

2  13  4 

2    lO   O 

i   n     H 

1    lO  0 

35     o 

300 

10,00 

400 

3  15  o 

a     6     89 

250 

52  10 

400 

*3,33l 

568 

500 

3     2     2| 

3oo 

70     o 

500 

,6,661 

6   13  4 

650 

3  '7     91 

3  15  ° 

87   10 

6oO 

2O,OO 

8     o  o 

7  10  o 

4  13     46 

4  10  o 

105     o 

700 

23,331 

968 

8  15  o 

5     8  10-^- 

550 

122    10 

8  c  o 

2b,66f 

10  13  4 

10  .0  o 

6     4     51 

boo 

140     o 

900 

30,00 

12      O   0 

1150 

7     o    o 

6   15  o 

»57  10 

ID  o  o 

33,331 

13    6  8 

12     1O    0 

7  J5     6f 

7   10  o 

175       0 

20  o  o 

66,b6| 

26  13  4 

25     o  o 

15  11     if 

15     o  o 

350     o 

30  o  o 

lOOjOO 

40    o  o 

37  10  o 

23    6    8 

22     1O    O 

5^5     o 

40  o  o 

133,33! 

53    68 

50     o  o 

31       2       2-J- 

30     o  o 

700     o 

50  o  o 

i66,6e.| 

66  13  4 

62  10  o 

38  »7     9l 

37  1°  ° 

»75     o 

60  o  o 

200,00 

80    o  o 

75     o  o 

40  13     4 

45     o  o 

1050     o 

70  o  o 

233*331' 

93    S8 

87   10  o 

54  -  8  io| 

52   i  o  '  o 

122.5    6 

80  o  o 

266,66| 

106  13  4 

ioo     oo 

62,    4    Sir 

60     o  o 

1400     o 

90  o  o 

300,00 

t2O      O  0 

112    10   0 

70.    o    o 

67    10  o 

'575     o 

100  o  o 

33^,331 

133     6'  8 

125     oo 

77  *5     61 

75     o  o 

1750     o 

2OO    O    O 

bb6,66| 

266  13  4 

250      Q    0 

155  *i     «^ 

15*     o  o 

3500     o 

300  o  o 

10,0000 

400    o  o 

375     o  o 

233     6     8 

225     o  o 

5250     o 

40O  o  o 

1333.-33 

533     6  8 

500     o  o 

311        2       2| 

360     o  o 

7000     o 

500    0    0 

t>66  13  4 

625     o  o 

388  17     c| 

375     o  o. 

8736     o 

TABLES. 

TABLE   cf  the  Vmat  of  feuer'al- Pieces  cf  Coin.  in-tji$  Federal  Coin,  and  fat 

Jtveral  L  of  t.'x  Undzd  States. 


Coin. 

Rfiude  ijland, 
Connecticut, 

Virg  . 

Ntnyork  andNortk- 
Carolina. 

ie>j,'v,\ 
(and.   i'ar'> 

] 

*nd  Georgia. 

Centf. 

£,    s.     el. 

£'.  s.     d. 

'       "       d 

r     j    d 

'T17  of  a  Dollar 

JL*  * 

4! 

6 

81 

A 

-J  a-Piftareen 

" 

0,10 

71 

-   Si 

9 

Fir.        8 

A  of  a  Dollar 

0,1*    T 

8 

10! 

•  10 

6| 

^  of  di 

0,12    { 

92 

1       0 

n-1- 

7t 

A'  Piftarecn 

0,20 

i     4! 

i     6 

Kzr.    i   4 

An  Eng.  Shill. 

0,22    | 

i   4 

'     71 

i     8 

1      C*- 

|  of  a  Dollar 

0.25 

i   6 

2       0 

i    io4 

1       2 

Half  ditto 

0,5° 

3  ° 

4     ^ 

3    9 

2     4 

A  'Dollar 

IjOO 

60- 

8     o 

7    6 

4'  8 

En.crEr.  Crown 

1,11  -J. 

6  8 

N.Yorkg     o 

8    4 

5     «« 

j-  pvjt.gr. 

Fr.  Guin.   5     5 

4.6214 

i     7.6 

i  16     o 

i   14    6 

1     1     5 

in  Mafla.   ,5     6 

4^5,5"! 

i     7  4 

ir.n.Guin.  5     6 

i     8  o 

117     o 

i   15     o 

i     i  ,9 

LiS.Caro.  5     7 

' 

i     t  ib 

~nn.  9     c 

45oo  - 

280 

34° 

3     o    o 

1   27     4 

-.iT.i.    4     3 

fc§v  | 

i     20 

,18    o 

i     70 

17    6 

ore     6    18 

|  6,00 

i   16  o 

a    8    o 

2     5     o 

i     8    o 

Doubloon  17     c 

i      ^  f  •»  ^ 

480 

5  16    o 

L-iLJL 

3  10    o 

The  flandard  weight  of  «n   eagle   upwt.  4^*r. 
[~gr.     A  dollar  \ypzut*  i^or»  •  Half  ditto   Qput,  i: 
i4-?y.     A  dime 


Half  ditto 
-r.      A 


me 


Elariks 

24  nr       i  Perrot. 
480  zr    20  zz     i  Mite. 


9600  nr  400  zz:  20  zz  i  Grain. 
DUTCH  WEIGHTS 


of  Refiner's  Weight. 

Note,  What  they  denominate  a 
carat,  is  trie  -^  of  a  ib,  an  oz.  er 
any  other  we;g!it. 


GOLD  and  SILVER. 


Jhote,  32  acesrr  i  cngel,  20  engelsrr.  i  ounce,  8  ounces  ~  i 
for  grofs  gold.     Alfo.  24    parts  rzr  i  grain,   12   grains 
carats  zz  i  mark,  for  fine  gold. 

Thre  nrark  weights  are  i  per  cent,  lighter  than  our  Troy  w 


TABLE 

A  TABLE  of  Comtniffion  or  Erokf-. 

'•    Gaols  or 
flock  fold 

at  %per 
cent. 

at,  i  j&tv 
cent. 

atlcltPer 

at  s»  per 
etnt, 

at  z-1 

Skill,      i 

~£.  s.    d. 

0       00 

o     o     o 

O             ! 

O       O    C'^j 

2 

o     o    b 

o     o  Ojf 

oo     o| 

O      O   0^ 

O      O    Oy 

0       a 

3 

o     o     o| 

0       0    OJ 

o     o     o| 

o     a  o4 

o     o  o| 

4 

oo     o'ir 

o     o  o| 

o     o     o| 

O       0    0 

001 

0       0    l| 

5 

o     o     o^ 

0       O    o£ 

oo     o| 

O      O    1 

o     o  1  1 

0       0    l| 

6 

o     o     o4 

X)       O    O;| 

001 

0      0    l| 

o     o  i| 

0       0    2 

7 

£       0       OJ 

o     9  °5 

oo     i] 

0       0    1-J 

O       O    2 

0       0    flf 

'      8 

o     o     0} 

O       0    1 

0      0       l| 

0        Q     l-t 

0       0    2,| 

0       0    2f 

9 

000^ 

O      0    1 

o     o     ij 

0      O    2 

O      O    2~ 

0       o    3' 

10 

o     o     of 

0      0    Ij 

o     o     j& 

O       0    2  , 

o     03 

0        r 

i  i 

o     o     o| 

0       O    ll 

0       0       l| 

o     o 

O       O    CJ'i 

0     °  3l 

12 

O       O      Q^ 

0       0    l| 

O     'O      2 

0       0    2| 

o     o  3! 

C/  4- 

0     o  4l 

13 

o     o     of 

0      0    11 

0      0       2| 

o     o  3 

o     03! 

0      o    4! 

14 

o     o     o| 

0      0  •    1£ 

O      O       2-| 

°        °     04 

004 

o    o  5 

o     o     o| 

o     o  ii: 

0      0       2| 

»    fci 

o     o  4! 

0    °  5l 

1  0 

o     o     of 

002 

002^ 

o     o  4  j 

o    o  5 

i; 

001 

0    •  O    2 

003 

004 

o     o  5 

o     o  6 

l8 

001 

0      0    *.] 

003 

°     o  4^ 

o     05! 

o   %>  6| 

J9 

0      O       1 

o     o  2] 

d    °    31 

o     o  44 

o     o*  5-? 

o     o  6| 

Pounds*^ 

3       0       Ij 

0      0    2J 

003! 

o     o  4! 

006 

007 

2 

0       0       2f 

005 

007 

o     o  9! 

0       1     0 

0       1     2| 

3 

o     o     3|. 

007 

O       O    l  O^- 

o     i   24 

016 

o     i   9! 

4 

o     o     5 

0       0    01 

0       1       2i 

o     i  7 

O       2    o 

o     2  41 

5 

006 

o     i  o 

016 

020 

026 

030 

6 

0       0      7;f 

o     i    BJ 

o     i     qJ 

0       2    4J 

o     30 

°.    3  7 

2 

o     o     8} 

o     i   4| 

0       2       I2 

0       2    91 

o     3  61 

o     421 

B 

o     o     9! 

o     i  7 

0     2     4| 

0     3   aj 

040. 

0    4  9i 

9 

o     o   10^ 

o     i  9i 

0       2       8i 

. 

0    3  7 

,  o     46 

0     5  4| 

10 

O       I       O 

0     .2    ° 

0    3     o 

040 

o     5,0 

060 

'  •     .£0 

020 

o     40 

060 

080 

0    10    0 

0    12    0 

. 

o    3     o 

.  o     60 

090 

0    12    0 

6  15  o 

o  18  o 

40 

o     4     o 

080 

0    12       0 

o  16  o 

1       00 

1     40 

5° 

050 

o  ib  ° 

0   1.5     o 

1        0    0 

i     5  o 

I    10   0 

60 

060 

0    12    0 

o  18     o 

1     40 

1     10    0 

1     l6    0 

7° 

070 

o  14  o 

1        1        0 

1     J5  o 

i    15  o 

22    0 

So 

o     8     o 

o   1  6  o 

i     4     o 

1     12    0 

2       00 

280 

.  9° 

o     9    'o 

o  18  o 

i     7     o 

i    16  o 

250 

2140 

100 

0     10       0 

1        0    0 

1     10       0 

2       OQ 

2     10    0 

3     oo 

200 

1        0       0 

a     o  o 

300 

400 

5     °  o 

6     o  o 

300 

1     10       0 

,3     o  o 

4  10     o 

6     oo 

7   10  o 

900 

4CO 

2       O       O 

A       0    0  . 

600 

8     o  o 

10       00 

ta     o  o 

5OCJ2    10       0 

w         • 

7   10     c 

10     o  o 

1  2     1O    O 

'  •")       O    O 

Coo 

300 

6     o  o 

90     o 

12       00 

15     o  o 

1  55     o  o 

700 

3  10     o 

7     GO 

to   10     o 

14     o  o 

17   i  o  o 

2  i        O    O 

•;      8cc 

400 

.0     o  o 

12       0       O 

1"       0    0 

20     o.  o 

'4     o  o 

-   900 

4  10     o 

9,     o  o 

13   10     o 

i3"     oo 

22    1O    O 

27     o  o 

1000)5     °     ° 

10       0    0 

15     o     o 

2Q       O    O 

25     o  o 

30     o  o- 

TABLE    S. 


A  TABLE  of 'the  Returns  of  the  Neat  Proceeds  of  an  Account  of  Saks 
from  a  Fa&or  to  his  Employer,  referving  his  Comntiffions  Jor  ttemif- 
lancc. 


Neat    Pro 
ceeds. 

Sum  io  be  re- 
mitted^referv- 

Comini/fion, 

Sws  fc  be  re 
mit(ed,refcrv 
ing  5  pr  cent 
Commifflon, 

•  Neat     Pro 
ceeds. 

Sum  to  be  remit- 
ted^referving  a| 
per  centt   Com- 
mijjion. 

Sw»i  /<;  ^  remit~ 
tfdt  referving  5 
j6er    cent.   Com- 
mffian. 

£.  ,.  d. 

£.  s.  d. 

£.  s.    A 

£     s.d. 

£.    s.    d. 

t\    s.    d.^ 

o 
«5 

3 

6  o  c 

5   *7    <^l 

4 

4 

Si 

700 

6  16     7 

6  13     42 

5 

5 

4| 

8  o  o 

7   16    i| 

7   i2     4^ 

6 

Si 

54 

900 

8  15     74 

8  n«    5^ 

7 

6-4 

6| 

10   O  0 

9  '5     il 

9  10    5i 

8 

'7i 

2| 

20  o  o 

19  10    3 

19     O   li^ 

9 

8.1, 

30  o  o 

29    5     4i 

28  11     5^ 

io 

91 

91 

40  o  o 

39,   9    5f 

38     i   10^ 

1      0 

iOj 

*  :3 

50  o  o 
60  o  o 

58  10    8| 

47  12     41 
57     2  i-oi 

2      O 

i  n£ 

1    io| 

70  o  o 

68    5  10 

66  13     4 

3    o 

2    ll| 

2    IOJ 

80  o  o 

78    o  i»l 

76     3     9l 

4     o 

3  i°i 

3    9l 

90  o  o 

87  16    i 

85  M     31 

5     ° 

4  lOi 

4    9i 

lOO  O  O 

97   i1     2I 

95     4     9z 

6    o 

51  OT 
•  »»4 

5     81 

2OO  O  o 

'95     ^    fci 

7     O 

6  10 

6     8 

300  o  o 

292  13     8 

-85  14    3^ 

8    o 

7     91 

7     71 

40O  O    2 

390     4  iol 

380  19    04 

Q      O 

8    9i 

8     6| 

500  o  o 

487  16     14 

476    3     9| 

lO      0 

9     9 

9    64 

600  o  o 

585    7    ai 

57  !     &    6I 

1       O      O 

19    6| 

19    ol 

700  o  o 

682   18     4| 

666  13     4 

2      O      O 

i  19    o| 

i   18     i| 

800  o  o 

780    9    9 

761   18     i 

300 

2    18      6J- 

2    17       1| 

900  o  o 

878    o  n| 

J$7     2  10 

400 

3  18    o-l 

5                    4- 

1OOO  O   O 

975  12     2* 

952    7    7i 

{5    o    o 

417    6| 

4  '5     2I 

Suppofc  I  have  the  neat  proceeds,  or  balance  of  an  account  of 
fales  325^.  17^.  9^.  in  my  hands,  and  would  maJke  remittance  to 
my  employer,  referving  my  commiflion  at  2^.  per  cent.  What 
fum  muft  be  remitted,  fo  that  my  employer's  account  may  be 
clofed  ? 
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19  io 
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6  io 
81 


T®  be  remitted  £31718     9^  Anfatr, 
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£     -z 
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S86  TABLES. 

A  TABLE  'of  the  Meafure  of  Length  of  the  principal  places  in  Euro£f9< 
compared  with  the  American  yard . 

100  Aunes  or  Ells  of  England,  zz  125 
lOO  —  of  Hollander  Amfterdam,  Hserlem,  Ley- "I 

den,  the  Hague,  Rotterdam,  Nuremberg,  I  zz  75 

and  other  cities  of  Holland, 

100  •          of  Brabant  or  Antwerp,                           -  zz  76 

100  of  France  and  Oznaburg,               -  zz  128^ 

100  — .  of  Hamburg,  Francfort,  Leipfic,Bern  and  Bafil,  zz  62% 

300  of  Breflau,                  -                 -             -        '  zz  60 

100  of  Dantzick,                     -  zz  6t,J 

100  —  of  Bergen  and  Drontheimj                    -      .  zz  68| 

100  -4 —  of  Sweden  and  Stockholm,          -  zz  6,5! 

100  of  St.  Gall,  for  Linens,             -  zz  $7f 

100  of  ditto  for  Cloths,                               -  zz  67 

100  of  Geneva,  zz  is^f 

100  Canes  of  Marfeilles  and  Montpelier,  zz  zi^i 

aoo of  Thouloufe  and  High  Languedoc,         -  zz  200 

100  -           of  Genoa,  of  9  palms,  zz  245! 

100  of  Rome,                         "         -               -  zr  227! 

aoo  Varas  of  Spain,                 -                 -                 -  zr  <-3| 

100  of  Portugal,              -            .  -               -  zz  123 

100  Cavidos  of  Portugal,               -               -              -  zz  75 

100  Brafles  of  Venice,                              -               -  — •  73.!- 

lOO  of  Bergamo,                     -              -              -  zz  71^ 

JOG  — —  of  Florence  and  Leghorn,                  -  zz  64 

joo  of  Milan,                                                     -  zz  58! 

The  uje  of  the  following  TABLE,  directing  how  to  buy  an$  Jell  by  the 

hundred. 

If  you  buy  or  fell  any  thing  by  the  great  hundred  (i  isft)  and 
defire  to  know,  by  the  pound,  what  the  hundred  is -valued  at, 
obferve  the  following  Examples. 

•i.   If  vou   buy  i'ugar   at  6Jd.  per  ft,  look    for  6|d.  in    the   left 
:haud  column  of  the1  Table,  and  againft  it.  in  the  lecond  column, 
you  will  find  £%  3.?.  which  is  the  value  r.f  i  cut.  at  that  rate. 

2.  If  i  cwt.  (iiaft.)  cofl/%9  4J.  4^.  to  know  how  much  it  is 
per  ft,  look  ^9  4^.  q.d,  in  the  fourth  column,  and  againfl  it,  in  the 
next  left  hand  column,  you  wil[  find  u.  fZd.  which  is  the 
price  pe»ft. 

,  Again,  if  you  buy  one  hundred  weight  of  goods  for  9^.  ^s.  4^. 
and  retail  it  at  'is.  c-J*  er  Jv>  it  romc-s  at  ihaf  rate,  to  \Ol.  3^.  ; 
then  take  gl  4^.  ^d.  from  ic/.  "%f.  a*nd  by  the  remainder,  you  will 
find  that  you  have  g?incd  i8f,  %d. 

And  in  this  manner,  you  may.  with  cafe,  calculate  any  quan 
tity  by  the  following  Table, 


TAB 

TABLE  dire&ing  how  to 
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buy  and  fell  by  the  hundred. 
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_,_„ 

/.    J.     d. 

~~j     5 

£•    j.  y. 

s.     d. 

^.     J.     d. 

J 

O24 

i     o| 

5   J4  4 

2       0* 

11      &   & 

4- 

048 

l       0* 

5   16  8 

2       O- 

II      8    6 

4 

o    7  o  % 

1  04 

5   19  ^ 

2       C~. 

ll    II    O 

094 

1     1 

6     14 

2        1 

"   T3   4 

I'; 

o  H™8 

1      J~I 

"b     3~8 

2        l] 

I    L        15        8 

.       t 

'T 

o  14  o 

1    ll- 

660 

2        1-| 

ii  18  o 

o  16  4 

1      1  — 

6     84 

2        if 

1204 

i 

o   18  «   - 

I        2^ 

1    6  10  8 

2        2 

1.2       2    8 

"•4 

1        I    O 

1        2| 

6  13  o 

2       2  "^ 

12     5  o 

1     3  4 

1      -2| 

6  15  4 

2        2-i- 

12     7  4 

A 

4 

i      5  8 

6  17  8 

2        2^ 

12     9  8 

3 

180 

i     3* 

7     oo 

2     3 

12     12    O 

ii 

i    10  4    . 

i   '31 

7     2  4 

*       34 

12   14  4 

1      12    & 

1     31 

748' 

2     31 

12     16    8 

3! 

i    15  o 

1     34 

77° 

2     3| 

12     19    O 

4 

l     17    4 

i    ,4 

794 

2  4_, 

13     i   4 

'44 

i    19  8 

i      4-t 

7   11  8 

2       44 

i£    3  8 

41 

220 

i     41. 

7  14  o 

2     41 

13     6  o 

44 

244 

i      44 

7  16  4 

2       4| 

13     8  4 

A 

2     6  8 

1  5_ 

7   18  8 

2     5 

13   io  8 

5l 

2       9O 

1     5l 

"8"  To 

2       5J 

i3~3  o 

51 

2114 

i     51. 

834 

2       £i 

J3  J5  4 

5.4 

2   13  8 

i     54 

8     5  8 

2        R^' 
U4 

13   17  8 

.6 

2     l6    O 

i      6 

880 

2        t> 

14     o  c 

6| 

2   18  4 

i     6| 

8  H>  4 

2       6^ 

14     ~4 

6^ 

3     P  8    . 

2 

8   12  8 

2       6|- 

14     4  8 

6* 

3     3  ° 

.  6j 

8  15  o 

2       6| 

14     7  c 

7 

3-    5  4 

i     7 

8   17  4 

2     7 

'494 

7i 

3     7  ». 

i     7^ 

8   19  8 

2     74 

14  j  i   8 

7| 

3   10  o 

i     7l 

Q       2    O 

2     71 

14  M  o 

.    4 

3  12  4 

1     21 

944 

2     71 

14  16  4 

8 

o     1  A     O 

i     8 

968 

2        8 

14   i8  8 

^4 

3   »7  o. 

i     85 

99° 

2     8~{ 

15     i  o 

8± 

3   19  4 

i     «1 

9114 

2        8i 

15     3  4 

84- 

4     i   8 

9  13  8 

2     8| 

15     5  8 

JL 

44° 

1     9 

9   16  o 

g     9  ' 

15     8  o 

94 

464 

1     9+ 

9   l8  4 

2     9-1 

15   10  4 

91 

488 

10      0    b 

2     9± 

15   12  8 

94 

4  11   o 

i     9f 

10     3  o 

2      9^: 

15  '5.o 

lO 

4  13  4 

1     10 

10     5  4 

2     1O 

'5    =7  4 

i0l 

4   15  8 

1     I0j 

10    7  8 

2     lO-'- 

^15   19  8 

l  0-1. 

4180 

"I     10| 

10  10  o 

2     101 

'16     20 

iof 

5     °  4 

10   12  4 

2     IC-| 

16     4  4 

I  1 

5_2_£ 

1    1  I 

10  14  8 

2     1  I 

16     6  8 

'  ^  -T 

550 

1        I    I  J; 

10  17  o 

2.  ill 

ib     9  o| 

lll 

574 

I     Hi 

10  19  4 

2     11-1 

16   ii   4 

1    :f 

598 

1     H-J 

ii     i  8 

2     1  1| 

16  13  8 

1  2 

,520 

2       O 

1140 

Q      O 

16  16  p 

S88  TABLES. 

A  Comparifon  of  the  American  Foot  with  the  Feet  of  other  Countries. 

The  American  foot  being  divided  into   iCQO  parts,  or  into  12 
inches,  the  feel  of  feverai  other  countries  will  be  as  follow. 

Faits.  Inch,   lin, points. 

America,                           icco  12     o     o  dec* 

London,                                   lOOO  12      o      O 

Antwerp,                                946  U      4      1,32 

;.'ia,                              1^04                             *  14     5      2,25 

Bremen,                                  964                                   .  11      6     4,89 

Cologne,                                 954  jl      5      2,25 

Copenhagen,                       905  11     6     5,76 

Amfterdam,                          942  n      3     3,88 

£>antzick,                              944          -  Ji     3     5,61 

Doit,                                  1184  14     2    "2,97 

Frankfort  on  the  Main,  9  ;8          -                     -  n      4     3,07 

'*  he  Greek,                       1007  I2     *     °3°4 

Lorrain,                                9^8  n     5     5,71 

Mantua,                                 l^^  *8     9      5?6l 

Mecklin,                               919  11      o      2,Or 

Middleburg,                        991  ii(iO     4,22 

France,                                 9^8  11      3     0,43 

Prague,                                 1026             -              -  12     3     4,46 

Rhyneland  or  Leyden,  1033         ~          '          "  12     4     4,51 

Riga,         -                    -     1831              -              -  21    11      3,98 

Roman,                                 967         -         -  it      7     1,48 

Old  Roman,         -             970              -              -  1180 

vScotch,                               1005                    -           -  12     O     4,32 

Sfrafburgh,                         920              -             -  11     O     2,88 

Toledo,                                899  10     9      2,73 

Turin,                                 1062                            -  12     8     5,66 

Venice,                             1162         -  13  n      3,96 

A  TABLE  reprefcnting  the  Conformity  of  the  Weights  of  the  principal 

trading  Cities  of  Europe  with  thoje  of  America. 

ft  of  America. 

ico  of  England,  Scotland  and  Ireland,  Equal  icoft  Ooz. 

aOO  of  Amfter'dam,  Paris,  Bourdeaux,    <&c.  ••          109     8 

aoo  of  Antwerp,  or  Brabant,  -  103   1-2 

100  of  Roiien,  the  Vifcuunty,  1  *3   14 

jOO  of  Lyons,  the  cify,  • 94     3 

100  of  Rochelle,  -  • no     9 

100  of  Thouloufe,  and  Upper  Languedoc,       -        92     6 

100  of  Marfeilles  and  Provence,               -  •     88   11 

100  of  Geneva,  123 

100  of  Hamburg1,  — —  107     5 

ICO  of  Francfort,  — —  ill    n 

100  of  Leipfic, 104     5 

A 
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A  TABLE  representing  the  Conformity  of  the  Weights  of  the  principa 
trading  Cities  of  Europe  i*htk  thoje  of  America. 

ft 

100  of  Genoa, 
ico  of  Leghorn, 
100  of  Milan, 
100  of  Venice, 
100  of  Naples, 
100  of  Seville,  Cadiz,  &c. 
100  of  Portugal, 
100  of  Liege, 
•1OO  of  Spain,          - 
Note,  The  Spanifh  Arrobe  is  25 


A  TABLE  to  caft  up   wages,  or 

expenfes,for   a  year,  at  fo 

muck  per  day,  week,  or  month. 

Day*     by  week.  \  by  mon. 

by  year. 

s.    d\£.  s.  d.l£.  s.  d.\£.    s.    d. 

0       1 

007 

024 

i    10     5 

O       2 

019. 

048 

3     o   10 

o     3 

Oig 

o.    7  e 

4  »»     3 

o     4 

024 

094 

6     i     8 

o     5 

0       211 

o  ii   8 

7   12     i 

o     6 

o     3    6 

o   14  o 

926 

» 

o     7 

o     4     i 

o  16  4 

1O    12    11 

ns 

o     8 

o     4     8 

o   18  S 

12     3     4 

OO 

o     9 

053 

1        10 

*3  *3    9 

o  10 

o     5   10 

i     3  4 

15     4     2 

^ 

0    11 

065 

i     5  8 

16  14     7 

o 

1       0 

070 

i     8  o 

18     5     o 

"* 

2       0 

o  14     o 

2     l6    0 

36  10     o 

*d 

^        O 

1       1       O 

440 

54  '5     ° 

o 

4    ° 

i     8     o 

O 

73     o     o 

o 

5     ° 

i    15     o 

7     oo 

9'     5     ° 

6     o 

220 

880 

109  10     o 

j3 

7     ^ 

290 

g  16  o 

127  15    0 

2 

8    o 

Q       O 

2     16       0 

33° 

11     40 

12  '  12    0 

146       O       Oj     r"1 

l64     5     "1    § 

10       0 

3  10     o 

14     o  o 

1*82  10     o!    o 

1      <.** 

II        0 

}  1-7     o 

15     8  -o 

200    15       0      ju 

12       0 

13     o 

440 
411     o 

16  16  o 
18     4  o 

219     o     o     ^ 

237     5     ej   ~ 

14     o 

4  18     o 

19120 

255  10  of  «r 

15     o 

S       O 

21        O    0 

273   15     o     o 

16     o 

J2       0 

12        8    0 

292     o     o 

•^ 

17     o 

19     o 

23  16  o 

3»°     5     o 

18     o 

6    o 

25     4  o 

328  10     o 

19     o 

13     o 

26    12    0 

346  15     o 

2S       O 

f     0       0 

28,    o  o 

365     o     o 

of  America* 

Equal   73 

•     75     8 

-    65     3 

—  r  —    65   a 

+      ~            -       64  10 

-  —  •  103     7 

95     4 

—  -  104 

>paniffr  pound 

"~ 

c        .,  . 

97       ^;^ 
25  12  6 

s,  - 

4  TABLE   to  Jind   wagzs  or  cx- 

penfcSy  for  a  month,,  fteeA,  or 

day,  at  jo  much  by  the  year. 

byyr.     by  month.       by  week.         by  day. 

jC    \  /      s    d 

r    s     d.   l/\    s.      d. 
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004? 
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030! 

009^ 
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12 
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13 
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14 

i      i      5^ 

•o     5     4A 

009  £- 

15 
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0     5     9 

o     o     Q  t 

l6 

i     4  •  6£ 

o     6     U 

001^ 

i  7 

i     6     i 

o    6     6| 

001^ 

18 

t     7     7i 

o     61  o£- 

0       0     1     | 

19 

'     9     i* 

o     7     3^ 

o     i        A] 

20 

i   10     81 

078" 

01             ^ 

30 

2       6       OA 

OH       6 

o     i        ,|! 

4° 

3     i     4& 

o  15     4 

>       2           |j 

5° 

3  16     8| 

O    1Q       2^ 

O       2       0 

60 

4  1  2     c;:- 

i      3     o^: 

^     3     li 

70 

5     7     4l 

r     6  io|  o     .^   10") 

80 

629 

i   10     8f 

^>    '4     4^ 

_9° 

6  18     j  , 

i    14     6;t 

0     4  "* 

JOO 

7    »3     5 

"i    1  8     7^ 

0     5     5r 

200 

5     6   icj 

316     85 

'  )      1  O      11  fV 

3°" 

2  3     o     3i- 

5   15     »3 

>   16     5!. 

400^ 

J°    '3      &k 

7    13     5 

t      iii 

5°° 

J$      7      1g 

Oil        Q  ^ 

'     7     4:V 

1000 

76  14     3 

10     3     61 

2     1  4       Q  .V 

39° 


T    A     B     L 

SIMPLE  INTEREST,  at  6  per  cent,  from  u.  to 


£    .S. 

fioco,  and  from  i  day  to  i  year* 


Princ.  \ 
money.  \ 

!%.     j 

2  <&Z)'J. 

3  tfayj. 

f**! 

5  days'. 

6  dim. 

1     ?<%f. 

s,  i 

s.    d.    a 

J       rf.     q 

S       d      (7 

s    d    a 

S.    d.     q 

j.  d.    i 

j.     s     d.    c 

o1    o  o 

o     o  o 

u.     y. 

o     o  o 

000 

o    o  o 

i 

ooo 

£      •*•     "•      1* 

oooo 

3 

o     o  o 

ooo 

o     o  o 

ooo 

ooo 

ooo 

oooo 

4 

ooo 

000 

0       00 

o    o  o 

000 

ooo 

oooo 

5 

0       o    0 

o     o  o 

o     o  o 

o    o   o 

o    o  o 

ooo 

0      OOO 

6 

OQO 

ooo 

)        0    0 

ooo 

ooo 

ooo 

o    o    p  o 

7 

000 

o     o  o 

ooo 

%    o   o 

ooo 

000 

oooo 

8 

o     o  o 

000 

0       00 

ooo 

000 

ooo 

0    "0     00 

'  9 

000 

o     o  o 

000 

ooo 

ooo 

000 

o    o    o  o 

1C) 

OQO 

000 

0       0    0 

ooo 

ooo 

ooo 

o    o"  o  o 

11 

o     d*-o 

o     o  o 

0       0    C 

ooo 

o    o  o 

000 

oooo 

12 

OQO 

0       0    0 

o     o  c 

ooo 

000 

ooo 

oooo 

13 

o     o  o 

000 

O       O  'O 

ooo 

ooo 

000 

oooo 

14 

o     o  o 

o     o  o 

o     o  o 

ooo 

000 

ooo 

oooo 

15 

000 

0       0    o 

o     o  o 

ooo 

ooo 

ooo 

oooo 

16 

'->       0    0 

o     o  o 

o     o  o 

ooo 

ooo 

000 

oooo 

17 

o     o  o 

o     o  o 

o     o  o 

ooo 

000 

ooo 

oooo 

18 

o     o  o 

ooo 

0       00 

ooo 

ooo 

000 

oooo 

19 

o     oo 

o     o  o 

o     o  o 

ooo 

ooo 

000 

0001 

£'  * 

o     o  o 

o     o  o 

o     o  o 

ooo 

ooo 

000 

0001 

2 

000 

o     o  o 

')     *O    O 

001 

001 

O      O     1 

0      002 

3 

o     oo 

0       Q   0 

30^ 

O      O     1 

O      O    2 

002 

0003 

4 

Ooo 

001 

ool 

O      O     2 

003 

003 

0      0      1     0 

5 

OQO 

O       O    1 

o     02 

003 

003 

010 

0011 

b 

o     o  o 

001 

002 

003 

O       1    0 

Oil 

O      O      1     2 

7 

0       0     1 

002 

o     o  3 

O       1     O 

Oil 

012 

0013 

8 

o     o   1 

o     02 

-•>     o  3 

oil 

O      1    2 

o    l   3 

0      0      2    0 

0       0    1 

002 

0        10 

o     1    1 

o    l  3 

0      %    0 

0021 

10 

o     o  i 

0       0    < 

:)        1    0 

012 

o    i  3 

021 

0023 

20 

0     o  3 

0        1     2 

0        i!     1 

o    3  c 

033 

042 

0052 

3° 

i 

0       2    1 

0       3    2 

042 

o    5  * 

070 

0081 

4o 

012 

o     3  c 

o     4  2 

061 

073 

091 

0      0110 

50 

J     i  3 

0     3  3 

053 

o    7  3 

093 

0113 

0113 

60 

021 

o     4  2 

070 

091 

oil  * 

120 

o     142 

79 

023 

o     5  2 

o     8  i 

olio 

l     1  3 

i    4  2 

0171 

o     3  o 

061 

o    9  i 

102 

i    33 

162 

0      1   10    0 

0    ,3  2 

o     7  o 

0     10    2 

1       2'    0 

i    5  2 

1    9  J 

0203 

100 

0     3  3 

o     7  3 

•5   11  3 

i    3  3 

i  -7  2 

1    11     2 

0232 

2OO 

0     7  3 

i     3  £ 

1     11    2 

272 

3    3  i 

3111 

o    4    7  ° 

300 

o  11  3 

1     11    2 

2     11     1 

3111 

411  o 

5.10  3 

o    6  10  3 

4OO 

1     3  3 

2        7    2 

3   i1  * 

530 

•6      6    ;J 

7    10    2 

0921 

500 

1        7     2 

3     3  i 

4   11  o 

6    6  3 

82-2 

C)   10    1 

oil     60 

600 

1     11    2 

3  11  i 

s    1°  3 

7   10    2 

9  10  i 

11    9  3 

o  13    92 

7OO 

2       3    C 

47° 

6   10  3 

921 

11    5  3 

13    9  2 

o  16   -1   o 

800 

2       7    2 

5     3  ° 

7   10"  2 

io    6  o 

13    1  2 

17    9  * 

oi»    4  3 

9OO 

*  11  1 

5  10  3 

B   10  l 

11    9  o 

14    9  1 

17    8  b 

1081 

looo 

3     3'i 

6     6  2 

9   10   i 

1  }     io 

16    5  o 

iq  10^2 

1  -3  °  ° 

TABLES.                     ^ 

SIMPLE  INTEREST  at  £6  per  cent,  from  is.  to  /Yooo,  and  from  i  day  to  {year. 

Princ.  i 
money,  .  1       8  davs. 

10  *&zy.f. 

130  days,  or 
1    Z?Z<' 

2  fuch  months. 

f       S         d      (] 

/'    .?.   rf.    tf 

i'.    st      d.-  q. 

i  .    S.      d.    q* 

S.   1 

O       O       O     ( 

oooo 

oooo 

oooo 

oooo 

2 

oooo 

oooo 

oooo 

o     o     o   o 

oooo 

3 

o     o     o  o 

oooo 

oooo 

oooo 

0001 

/ 

oooo 

oooo 

0       0       00 

O       O       O    ( 

o     o     o    i 

c; 

oooo 

o     o     o  o 

oooo 

0001 

O       O       O     2 

6 

oooo 

oooo 

0       O       O     O 

o     o     o   i 

O       O       O     2 

0       0       0    0 

oooo 

oooo 

0       O       0     1 

0003 

8 

0000 

oooo 

p     o     o   o 

0       O       0     1 

0003 

V9 

o     o     o  o 

o     o     o  o 

o-    o     o    i 

O       O       O    2 

ooio 

10 

0       0       0    0 

0-     0       00 

oool 

O      O      O    2 

0       0        l.o 

11 

o     o     o  o 

oooo 

0       O       0     1 

O       O       O     2 

0011 

12 

oooo 

0       0       O    0 

0001 

0       O       0    2 

0011 

13 

o     o     o  o 

0001 

0001 

0003 

0012 

14 

0       0       0    0 

0001 

oool 

0003 

'->       0       1     2 

15 

0       0       0    0 

0001 

oool 

0003 

0013 

16 

o     o     o  o 

0       O       0     1 

oool 

0003 

o     o      13 

17 

0       0       0     1 

0       O     -0     1 

0002 

0003 

0       O       2     o 

18 

0       0       0     1 

O       0       0  '1 

0       O       0     2 

0010 

0       0       2     o 

19 

o     o     o    i 

0001 

0002 

o     o      i   o 

0       0       2     0 

f.  i 

0       0       0     1 

0001 

0002 

0010 

0       O       2     1 

2 

3002 

0003 

0       0        1     0 

0021 

0042 

3 

o     003 

0       0        10 

0013 

0032 

0070 

4 

o     o      i,  i 

00       12 

0021 

0042 

0091 

5 

0012 

0013 

0023 

0    °    5  3 

0     o  11   3 

6 

0013 

0021 

0032 

o     o     7  jo 

0       1        2     0 

7 

y       020 

0023 

0040 

0081 

o     l     4'  2 

8 

0022 

0030 

0042 

0091 

o     !     6   3 

9 

0023 

0032 

0051 

o     o   10   2 

0     i     9   i 

10 

0030 

°     °     3  3 

o     °     5  3 

o     0113 

0       1     11     2 

20 

o     o     6   i 

0073 

o     o   11   3 

0       1     11     2 

o    3   11    i 

3" 

>    °    9  i 

o     o  11   3 

0152 

0       2    11     1 

0    5110 

40 

0        1       0     2 

0133 

0       1     11     2 

o     3   11    i 

0       7     10     2 

5° 

o     i     3    2 

0172 

0252 

o     4  11   o 

o     9   10    i 

60 

0163 

0        J     11     2 

0       2     11     1 

o     5   lo  3 

0     11       0     0 

70 

0        1     10     0 

0232 

0351 

o     6  10  3 

0  13     9   2 

80 

O       2        l     O 

0,     2       72 

o     3  11   o 

0       7     10    2 

0  15     9   i 

90 

0241 

0211     1 

0450 

o     8   10   i 

o  17     9  o 

100 

0271 

o    3    ,r  i 

o     4  'i  l    o 

o     9  lo   i  o  10,     82 

2OO 

0523 

0663 

o     9  10  c 

o   19     8   2  i   19     51 

30; 

)     7  10   i 

o     9    lo    i 

o  14     9  c 

196     3|2     1^        2     0 

400 

i  i'>     5  3 

0     13        12 

o    19     8   0 

i   19     5    ii3   18  10   2 

600 

->   13      l   o 

o   16     5   o 

1470 

2     9     3   2 

4-18    72 

boo 

>   1.5     82 

p  19     82 

1960 

2   19     13 

5   1*     41 

700 

o   18     4  c 

1      3      o    c 

i   14     5-1 

3900 

6  18    o  3 

80    : 

1      o    11    £ 

1631 

l   19     4    l 

3     l8     10     2 

7   17     q    2 

900 

i     3     6-3|i     963 

2     4     4  .2 

4890 

8,47    61 

lOJO 

i     6     2    i|i    ia      10 

2       9*21 

4  18     7  o 

9  i?     3'  o 

39* 


T  "  A      B      L      E      5. 

iNtEREST,  at  £6  per  cent,  from  i-f.  to  £1000,.  and  J  'r 


tkrc?  months.  \ 

}OUr  no, 

five  months.    \ 

fi  x  month1     \ 

fsven  months. 

S.   1 

f.     j.    rf,    y.  J 
O      O      O    O 

i'.     ->.      d.    q. 
O      O      O     O 

i  •     *•     d.    q. 
0001 

£.    S.     d.    .q 
O      O      O     1 

s.    s.    d,    q. 
©     0     0    1 

a 

0001 

o    o    o    l 

O      O      O     2 

0002 

0003 

3 

O      0      O     2 

9002 

0003 

0010 

0010 

4 

0  >  0      0     2 

Cr    o     o    3 

o    o     1    o 

0011 

0012 

5 

o    o    o   3 

0.,  o     i    o 

0011 

0013 

002Q 

(5 

O      O      1     O 

0011 

0013 

O     O      2     O 

0021 

7 

O      O       1     0 

O      O       1     2 

O      O      2     Q 

0021 

0023 

8. 

O      O       11 

0013 

0021 

0023 

0031 

0 

O     O      1     2 

0020 

0022 

a    o    30 

0032 

1C 

oo     13 

0021 

0023 

0032 

0040 

11 

0013 

O      O      2     2 

0031 

o    033 

0042 

12 

0     0      2    C 

OO23 

0032 

0041 

0043 

13 

0021 

0030 

0033 

0042 

0051 

14 

0021 

0031 

0040 

0043 

o    o    t:    Q 
o   o 

15 

O     O      2     2 

0032 

0041 

0051 

o    o    6  o 

16 

'002   3 

0033 

o    o    4   2 

0052 

0062 

17 

0023 

0040 

0050 

0060 

o    070 

18 

0030 

004! 

0051 

o    o    6    l 

0071 

19 

OO31 

OO41 

0052 

0062 

0073 

£"•  i 

0032 

0042 

0053 

0070 

oo    8.  i 

2 

0070 

OO91 

00113 

01      2     0 

0140 

3 

O     &   1O     2 

0120 

0152 

0190 

O      2     O    O 

4 

0      1      2    f 

0163 

01112 

0240 

0290 

5 

0152 

0111- 

0252 

0      211.0 

0    3    5   1 

6 

019    c 

0241 

02111 

0360 

0412 

7 

0202 

0290 

0351 

0410 

0    4    9  3 

8 

0240 

0313 

03111 

0480 

0561 

9 

0.272 

0362 

045^ 

0    5    3  ° 

0622 

10 

0      2   11     C 

03111 

o    4  ll   c 

o    5  11  o 

o    6  10  3 

20 

0      f,    10    0 

o    7  10   2 

o    9  lo    i 

o  11  10   o 

o  13    92 

3° 

0890 

o  11    9   3 

o  14    9   i 

0  17    9  ° 

1082 

Oll8o 

o  1.5    9    1 

o  19    8   i 

1380 

17    71 

5° 

o  14    7  o 

o  19    8    2 

i    4    7   * 

i    9    7  ( 

11160 

60 

o  17    6  c 

1371 

1963 

i  15    60 

2150 

7° 

1050 

1771 

i  14    5  o 

2150 

2    8    3  3 

80 

1340 

1116? 

i  19    5  ° 

2840 

2  15    2  3 

9r 

1630 

i  15    5    o 

2440 

2i3,  3  f 

3213 

loo 

1920 

i  19    5    i 

2931 

2  ig,     2    o 

3    9   °  i 

2OO 

21840 

3    1«J   10     2 

41O       O  •    1; 

5  18    4  o 

b  18    03 

300 

4    7  -6  ° 

5  i8    3   3 

7803 

b  17    6  o 

10    7    l   l 

400 

5  16    8   o 

7  17    9  o 

917   5   i 

11  16    80 

H  16    13 

500 

7    5  i°,<> 

9  17    21 

12    6    9  3 

14  l^  lb   o 

17    5    2   i 

6oc 

815    oo 

11  16    72 

14  l6      2     ( 

17  15     o   o 

20  14      23 

700 

10    4  ,2   c 

13  16    03 

17    5    6   ? 

.'.o   14      2     0 

24    3    3  i 

800 

11  13    40 

15  15    6  ° 

19  15  1°  3 

•>5  13  4  o 

27  12    33 

90c 

13    2    6   c 

17   14  11     2 

22    4    3  c 

:O  12      60 

31    i    4  i 

looc 

14  11    8   c 

19  14    4   3 

24  13    7   2 

29  11    8  o 

34  10    43 

TABLE  OF  SIMPLE  INTEREST.  393 

SIMPLE  INTER-EST  at  61.  per  ce>it.  from  u.  to  iooo/-  and  from  t  Day  to  \  Year. 


Princ. 

Money 

8  Months. 

9  Months. 

10  Month'. 

1  1  Months  , 
or  330  </.-m. 

i    Year, 
or  365  <&>•*. 

I.     s.    d.q. 

I.     s.     d.q. 

i.     s.     d.  q, 

/.      ^      d.  «/ 

/.    s.  d.q. 

1 

0001 

O       O       O    2 

o     o     02 

P      O       12 

O      O      O  2 

2 

0003 

O     xO       1    O 

O       O       1    O 

O      O       II 

0      C)       11 

3 

O       O        II 

O       O        1     2 

0013 

0013 

O      O       2   O 

4 

0013 

O       O       2    O 

O       O       2     1 

O       O       2    ~ 

0      0       2    3 

5 

O       O       2    1 

0      O       2    2 

oo     23 

o     031 

0032 

6 

o     o      23 

0030 

0032 

0033 

0041 

7 

0031 

0032 

0040 

0       0       4  2 

o    o    5  c 

8 

0033 

0041 

o     o     4  i>- 

0050 

0053 

9 

0041 

o     P     4  3 

o    o    5  * 

005  3 

o    o    6  i 

10 

0042 

0051 

0053 

O       O       6   '-i 

0070 

1  1 

0050 

o     °     5  3 

P     o     4   * 

o     o     7  u 

•o     072 

12 

0052 

0061 

o     o     70 

o     o     7  3 

o     080 

13 

0060 

0063 

0072 

o     o     8  j 

0091 

14 

0062 

0071 

0081 

0       0       9  C; 

o    o  10  o 

15 

0070 

0073 

oo     83 

0093 

0      O    jO   9 

16 

0072 

0082 

0091 

O       O     IO    I 

0      0   j  I    ? 

17 

0080 

p     o     90 

o     o    10  o 

0       OHO 

0       I       0'  0 

18 

0082 

o     093 

O       O     IO    2 

0       0112 

0103 

19!  0083 

o     o   10  o 

o     0110 

O        I        O    1 

0112 

£•' 

p     o     9   i 

0       0     10    2 

o     0113 

01         10 

0       I       2    I 

2 

0163 

0191 

O        I     1  I     2      O       2        2O 

0243 

3 

0241 

o     >*     7  3 

0       2111 

033° 

o    3    7  o 

4 

03*3 

0362 

o     3   11   c 

0440 

o    4    92 

5 

o     3   11    i 

0420 

o     4  1  1   c 

0     5     5  <• 

0600 

6 

0482 

0     5     33 

o     5    10  3 

o     6     6  c 

0721 

7 

0560 

0622 

O       6     IP     2 

o     7     7  t 

084, 

b 

0632 

0710 

0783 

0880 

0970 

9 

0710 

o     7   it   3 

o     8   10  o 

o      g      Q  c 

j                      ^            -/ 

OIO      q   2 

10 

d     7  10  2 

0       8     10    2 

o     9  jo  o 

O     Io     TOO 

0   I  3      00 

20 

o  15     9  o 

p   17      90 

o   19     80 

I         I        8  0 

i     4    o  o 

3° 

t     3     7   n 

1672 

1960 

I      I26O 

1     1  .'>      O  0 

40 

in     60 

1   15     60 

i    19     4   i 

2340 

2      8      00 

50 

1   19     4  3 

2442 

2921 

214        2O 

3    o    oo 

60 

2731 

2  13     3  o 

2     19       01 

35°  ° 

3    12      00 

7° 

2  15     *  3 

3212 

3     8  io  2 

3   '5  loc 

4400 

*k> 

3     3     °  ' 

311     o  o 

3  18     8  2 

4680 

4  1  0    oo 

90 

3  10  no 

3  19  io  2 

4862 

417     60 

5    8    oc 

100 

3  18     9  2 

4     8    ii   o 

4  18     40 

5     8     4° 

6    o    oo 

200 

7  17     7  o 

8   17   10  o 

9  16     9  * 

io     6     8c 

:  2    o    o  o 

3OC 

11   16     40 

13     6     q  o 

»4     15        2 

16     5     o. 

1.8    o    o  o 

4OO 

'5*5     21 

i?    15     8  o 

19  13    70 

21     I3       4C 

£  4    o    o  c 

500 

29  14     oo 

22     4     7  c 

*4     12       0    C 

27       I       8r 

••?<">     o    o  o 

6oc 

23     12       92 

2  6  13     6  c 

29  10     4  3 

32     10       0  Oj-p      o     ,.i  o 

70G 

37  11     70 

31      2     5  c 

31     8     5  2 

37    1  8     4  c 

•       0   (.5 

8oO 

31   10     43 

35   n     4  < 

•19     7     a   i 

43     6     8  c 

-    o  c 

QOC 

35     9     2   i 

40     o     4  < 

14     5     7  °  48   15     o  < 

>    o  o 

IOOC 

39     8     o  o 

44     9     3  c 

40     4     °  (M4     3     4  c 

•     oo 

D  d  d 
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A    TABLE  for   reducing 
Troy  wt.  to  Avoirdupois. 

A  TABLE  for  reducing  Avoirdupois 
weight  into  Troy. 

Troy.    Avoirdupois,    j 

/>. 

Avoir. 

4voir. 

Troy.             \Av\            Troy* 

ft. 

4000 

5000 

2OOO 
1000 

ft.      oz.    dr. 
3291     6  13,68 
2528    9     2,26 
1645  11     6,84 
822  13  11,42 

IW. 

19 
18 

16 

drams. 
16,67 
»5,79 
»4-,92 
14,04 

ft. 

"ooa 

OOO 
000 

ft.      oz.pw.gr. 
7291      800 
6076     4  13     8 
4861      i     6  16 

oz 
15 

13 

fe.  oz.pw.  gr. 

i     i  13  i°,5 
i    o  15     5 

11   ib  23?5 

900 

740    9    2,28 

15 

13,16 

ooo 

f§45  10    o    o 

12 

10  18  18 

800 

658     4    9,M 

12,29 

ooo 

2430    6  13     8 

11 

.10    o  12,5 

700 
600 

500 

400 

576    o    o 
493  11     6,85 
411     6  13,71 
329    2     4,57 

13 

12 
11 

10 

11,41 
10»53 
9,65 

ooo 
goo 
800 

i2*5    3     °  16 
,093    900 
972     2  13     8 

10 

9 

8 

9     2     7 
8     4     1,5 

7     5  20 

300 

246  13  11,42 

9 

7,9 

700 

850     8     6  16 

7 

6     7   H>5 

200 
100 

90 
80 

164    9     2,28 
82     4    9»»5 
74    o  13,62 
65  13     4>n 

6 

5 

7,02 

6,14 

5»27 
4:39 

600 
500 
400 

729     200 
607     7  13     8 
486     i     6  i  6 

6 
5 
4 

59     9 
4  11     3,5 

3     12    22 

70 

57     9    9,6 

4 

300 

364    7     o    o 

3 

2   14   16,5 

60 

49     5  15,08 

3 

2,63 

200 

243    o  13     8 

2 

1  ifr  11 

50 

41     2     4,57 

2 

i»75 

1  00 

1  2.1     6    6  16 

1 

O  18     5,5 

40 

3° 

32  14  10,05 
24  10  15,54 

1 

o,8S 

f 

109     4  10    o 

dr 

20 

16     7     5,03 

"23 

,84 

80 

97     2  13     8 

15 

i?     2,1 

10 

!     3  10,52 

,8 

7° 

85     o  ,16  16 

14 

15  22,76 

9 

7     6    7,86 

21 

,77 

60 

72  ii     o     o 

13 

14  19,42' 

7 

6    9    5,2i 
5  12     2,56 

ao 
19 

,73 
,69 

5° 

60    9    3     8 

12 

13  15,08 

4  H  15,9 

*8 

,66 

4° 

48     7     6  16 

11 

12  12,74 

5 

4     i  i3»25 

i? 

,6* 

3° 

36     5   10    o 

10 

11     9>4 

4 

3    4  10,6 

16 

,53 

20 

24     3   13     8 

9 

10      6,06 

3 

2     7     7,95 

15 

,55 

10 

12     i   16  16 

8 

9     2»72 

2 
1 

1  10     5,3 
o  13     2,6,5 

\\ 

,47 

0 
^ 

10  ii     5     o 

? 

8  23,38 

01 

12 

8 

9     8  13     8 

6 

7  20,04 

11 

12       I,OC 

11 

,4 

7 

86     i  .16 

5 

6  16,7 

10 

10  15,54 

10 

,36 

6 

7     3  V3    ° 

4 

v      (3  ?  (3 

9 

9  '3*99     9 

,33 

i 

6    o  18     8 

3 

3  10,02 

7 

8  i2,43|    8 
7   10,88.     7 

1  26 

'* 

4  10    6  16 

2 

2     6,68 

6 

6    9>3*|    6 

,22 

'i 

3     7  15    ° 

1 

-*     3,34 

5 

5     7,77!     5 

,1! 

2 

2538 

1 

4- 

o  20,51 

4 

4    6,22)    4 

,15 

1 

i     21116 

o>  / 

3 

3    4.66     3 

,11 

2 

2     3,11!     2 

,®7 

\           1 

(      »     *.55     i 
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CHRONOLOGICAL   PROBLEMS. 


An  Account  of  the  Gregorian  or  Ncy/Style,  together  z 

nological  'Problem;?,  for  finding  the.  Epact,    Golden   Number^ 
Moon's  Age,  6^c. 

POPE  GREGORY  the  XHIth  made  a  reformation  of  the 
calendar.  The  Julian  calendar,  or  old  ftyle,  had,  before 
that  time,  been  in  general  ufe  ail  over  Europe.  The  year,  ac 
cording  to  the  Julian  calendar,  confifts  of  three  hundred  and 
iixty  five  days  and  fix  hours  ;  which  fix  hours  being  one  fourth 
part  c'f  a  day,  the  common  years  confiftcd  of  three  hundred  and 
iixty  five  days,  and  every  fourth  year,  one  day  was  added  to  the 
month  of  February,  which  made  each  of  thofe  years  three  hun 
dred  and  iixty  fix  days,  which  are  ufually  called  leap  years. 

This  computation,  though  near  the  truth,  hs  more  than  the  fo- 
lar  year  by  11  minutes,  which,  in  one  hundred  and  thirty  one 
years,  amounts  to  a  whole  day.  By  which  the  Vernal  ./Equinox 
was  anticipated  ten  days,  from  the  time  of  the  general  council  of 
Nic:,  held  in  theycar3a5  of  the  Chriftian  YEra,  to  the  time  of  Pope 
Gregory  :  who  therefore  caufcd  ten  days  to  be  taken  out  of  the 
month  of  O&ober  in  1582,  to  make  the  ^Equinox  fall  on  the  2lft 
of  March,  as  it  did  at  the  time  of  that  Council.  And,  to  prevent 
the  like  variation  for  the  future,  he  ordered  that  three  days  mould 
be  abated  in  every  four  hundred  years,  by  reducing  the  leap  year 
iit  the  clofc  of  each  century,  for  three  fucceflive  centuries,  to 
common  years,  and  retaining  the  leap  year  at  the  clofe  of  each 
fourth  century  only 

This  was  at  that  time  efteemed  as  exaftly  conformable  to  the 
true  folar  year  ;  but  Dr.  TIalley  makes  the  folar  year  to  be  three 
hundred  and  fixty  five  days,  five  hours,  forty  eight  minutes,  fifty 
four  feconds,  forty  one  thirds,  twenty  feven  fourths,  and  thirty  one 
fifths':  According  to  which,  in  four  hundred  years,  the  Julian  year 
of  three  hundred  and  fixty  five  days  and  fix  hours  will  exceed  the 
folar  by  three  -days,  one  hour  and  fifty  five  minutes,  which  is  near 
two  hours,  Co  that  in  fifty  centuries  it  will  amount  to  a  day. 

Though  the  Gregorian  calendar,  or  new  ftyle,  had  long  been 
11  fed  throughout  the  greateft  part  of  Europe,  it  did  not  take  place 
in  Greaibritain  and  America  till  the  firft  of  January  175^  ;  and 
in  September  following,  the  eleven  days  were  adjufled,  by  call 
ing  the  third  day  of  that  month  the  fourteenth,  and  continuing 
the  red  in  their  order. 

CHRONOLOGICAL    PROBLEMS. 
PROBLEM      I. 

As  there  art  thrffe  leap  years  to  be  abated  in  every  four  centuries  :   To 
Jhew  how  tojind  on  zuhich  century  the.  laji  year  is  to  be.  a  leap  year, 
and  in  uhich  it  is  not. 
RULE.  —  Cut   off  tv.'o  cyphers,  snd  divide  the  remaining  fig 

ures  by  4  ;  if  nothing  remain,  the  year  is  a  leap  year, 

EX  AM  P. 
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EXAM  P.  i.  The  year  i8|0o.  Ex  AMP,  2.  The  year  19(00. 

4}i8(4  4ji9(4 

16  16 

2  3 

EXAM  P.  3.  The  year  2o|oo.  Ex  AM  p.  4.  The  year 

4)20(5 

20 


The  firft  and  fecond  examples,  having  remainders,  fhew  the 
years  to  be  common  years  of  three  hundred  and  fixty  five  days  ; 
but  the  third  and  fourth,  having  no  remainders,  are  leap  years  of 
three  hundred  and  fixty  fix  days. 

PROBLEM     II. 

Tojind,  with  regard  to  any  other  ytars^  whether  any  given  year  be  Leap 
year,  and  the  contrary. 

RULE. 

Divide  the  propofed  year  by  4,  and  if  there  be  no  remainder, 
after  the  divilion,  it  is  leap  year  ;  but  if  i,  2  or  3  remain,  it  is 
the  firft,  fecond  or  third  after  leap  year. 

EXAMP.  i.  For  the  year  1784.         EXAM  P.  2.  For  the  year  1786* 
4)1784(446  4)i786(446 

16  16 

18  18 

16  ,  16 

24  26 

24  24 

~~~  ~  f fecond  after 

\lcap  year. 

PROBLEM     III. 

To  Jind  the  Dominical  Letter  for  any  year,  according  to  the  Julian 
method  of  calculation. 

RULE. 

Add  to  the  year  its  fourth  part  and  4,  and  divide  that  fum  by 
7  :  If  nothing  remain,  the  Dominical  Letter  is  G  ;  but  if  there 
be  any  remainder,  it  fhews  the  letter  in  a  retrograde  order  from. 
G,  beginning  the  reckoning  with  F  ;  or,  if  it  be  fubtrafted  from 
7,  you  will  have  the  index  of  the  letter  from  A,  accounting  as 
follows  ; 

A 
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A      B      C      D      E      F      G 
1234567 

EXAM  P.  For  the  year  1786. 

fGiven  year  —  1786 

Add  {  Its  fourth    ~    446 

'I         And  4 

7)2236(319 

21 
13 

7 

~66 
63 

And  7 — 3  zz  4  =r  D,  ^reckoning  from  A. 
PROBLEM     IV. 

To  j£«d  ita  Dominical  Letter  for  any  year,  according  to  the  Gregorian 
computation. 

RULE.  — Divide  the  year  and  its  fourth  part  by  7  ;  fubtra&the 
remainder,  after  the  divifion,from  7,  and  this  remainder  will  be  the 
index  of  the  Dominical  Letter,  as  before;  if  nothing  remain  itisG. 
EXAMP.  i.  For  the  year  1786.  EXAMP.  2.  For  the  year  1788.* 
Ai,  f  Given  year  ~  1786  1788 

*1  Its  fourth    =    416  447 

7)2232(31$  7)2235(3-19 

21  21 

*3  '3 

7  7 

6a  65 

£6  63 

And  7 — 6mirz:A.       And  7 — 2  : —  5  —  E. 

PROBLEM 

"*  Here  it  is  to  be  obferved,  thai  every  leap  year  has  two  Dominical  Letters  ;  that, 
found  by  this  rule,  is  the  Dominical  Letter  from  the  twenty  fifth  day  of  February 
to  the  end  of  the  year  ;  aad  the  next  in  the  order  of  the  alphabet  ferves  from  the 
fird  of  January  to  the  twenty  fourth  of  February. 

In  the  sd  Example,  E  is  the  Dominical  letter  for  the  year  ;  but  F,  the  next  in 
the  order  of  the  alphabet,  is  the  Dominical  Letter  for  January  and  February.  Frow\ 
this  interruption  of  the  Dominical  Letter  every  fourth  year,  it  is  twenty  eight  ye?rs 
before  the  Dominical  Letter  returns  to  the  fame  order,  which,  were  it  not  for  the 
leap  years,  would  return  to  the  fame  every  feven  years. 

This  Cycle  of  twenty  eight  years  is  called  the  Crc!e  of  the  Sun. 
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PROBLEM     V. 

To  find  the  Prime,  or  Golden  Number. 

RULE.  —  Add  i  to  the  given  year  5  divide  the  fum  by  19,  and 
the  remainder,  after  the  divifion,  will  be  the  Prime  ;  if  nothing 
remain,  then  19  will  be  the  Golden  Number, 
Ex  AM  P.  For  the  year  1786. 
To  the  given  year  1786 
Add      i 

19)1787(94 


i  Golden  Number. 

The  Golden  Number,  or  Lunar  Cycle,  is  a  period  of  nineteen 
years,  inx'ented  by  Meton,  an  Athenian,  and  from  him  called  the 
Metonic  Cycle.  The  uCe  of  this  cycle  is  to  find  the  change  of  (he 
moon  ;  becaufe,  after  nineteen  years,  the  changes  of  the  moon 
fall  on  the  fame  days  of  the  month  as  in  the  former  19  years  ; 
though  not  at  the  fame  time  of  the  day,  there  being  an  anticipa 
tion  of  one  hour,  twenty  feven  minutes,  forty  one  feconds,  and 
thirty  two  thirds  ;  which,  in  three  hundred  and  twelve  years, 
amount  to  a  whole  day.  Hence,  the  Golden  Number  will  not 
£hew  the  true  change  of  the  moon  for  more  than  three  hundred 
and  twelve  years,  without  being  varied.  But  the  Golden  Num 
ber  is  not  fo  well  adapted  to  the  Gregorian,  as  the  jfulian  calen 
dar  :  The  Epaft  being  more  certain  in  the  new  ftyle,  to  tfind 
which,  the  Golden  Number  is  of  ufe. 

PROBLEM      VI* 
To  find  the  Julian  Epaft. 

RULE.—  Firft  find  the  Golden  Number,  which  multiply  by  11, 
and  the  produft,  if  lefs  than  30,  will  be  the  number  required  ; 
if  the  product  exceed  30,  then  divide  it  by  3©,  and  the  remain 
der  is  the  Epaft. 

Ex  AM  P.  i.  For  the  year  1786. 
To  the  given  year  1786 
Add        i 

»9)»  7*7(94 
171 


Golden  Number  ==  i  and  i  X  u  zr  1  1  the  Julian  Epaft, 

EXAMP, 
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EXAM  P.  2.  For  the  year  1791. 

1791 
i 

19)1792(94 

171 


82 

76 


6  —  Golden  Numb.  and6x 


66,  therefore  30)66(2 
60 


PROBLEM     VII. 

Tojind  the  Gr^orian  EpaEl. 

RULE.— Subtract  11  from  the  Julian  Epaft  :  If  the  fubtraftion 
cannot  be  made,  add  30  to  the  Julian  Epaft  ;  then  fubtraft,  and 
the  remainder  will  be  the  Gregorian  Epa6t  ;  if  nothing  remain, 
the  Epaft  is  29. 

Or,  take  i  from  tjie  Golden  Number,  divide  the  remainder  by 
if  i  remain,  add  10  to  the   dividend,  which  fum  will  be  the 
paft  ;  if  2  remain,  add  20  to  the  dividend  ;  but  if  nothing  re 
main,  the  dividend  is  the  Epaft. 


3 
E 


EXAMP.  i.  For  the  year  1786. 

The  Julian  Epaft  being  1 1 

Subtraft  1 1 


EXAMP.  3.  Forthe  year  1791, 
The  Julian  Epaft  being  but  6 
Add  to  it  30 


Becaufe  nothing  remains*  the 
Epaft  is  29. 

Or, 

EXAMP.  2.  For  the  year  1786. 

The  Golden  Number  being  i 

Take  from  it  l 

Divide  by  3)0(0 
There  being  no  remainder,  the 
Epaft  is  29,  as  before*  ' 


36 
Subtraft  n 

Gregorian  Epa&  in  25 

Or, 

EXAMP.  4.  For  the  year  1791. 
The  Golden  Numb,  being  6 
Take  from  it  l 

3)5(1 
3 


Therefore,  as  2  remains,  add 
20  to  the  dividend,  and  it  gives 
the  Epaft  25,  as  before, 

A 
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A  general  Rule  for  fading  the  Gregorian  Epacl  forever. 

Divide  the  centuries  of  any  year  of  the  Chriftian  /Era  by  4, 
(rejecting  the  iubfequent  numbers  ;)  multiply  the  remainder  by 
17,  and  to  this  product  add  the  quotient  multiplied  by  43  ;  di 
vide  this  fum  plus  86  by  25,  multiplying  the  Golden  Number  by 
11,  from  which  fubtract  the  laft  quotient,  and  rejecting  the  thir- 
ties,  the  remainder  will  be  the  Epaft. 

EXAM  P.  For  the  year  1786. 

Reje6ling  the  fubfequent  numbers  86,  it  will  be  17. 


Multiply  by  17 


Add  4X43  =  172 

189 
Add    86 


Golden  Number  —  t 
Multiply  by  11 


1 1 


Subtract  the  lad  quotient  rz  n 


oo 


Therefore,  as  nothing  remains, 
the  Epacl  is  29,  as  before. 


U 


25 

25 


A  TABLE  of  the  nineteen  Epacls  }or  the  Julian  and  Gregorian 
Accounts,  by  the  Golden  Number. 

G.  N. 

Julian  1   Greg. 
Epad.    \  Epad. 

G.  AT. 

Julian 
Epad. 

Greg. 
Epad. 

G.  AT. 

"Julian 
Epad. 

£&' 

i 

i  l 

29 

7 

17 

6 

»3 

23 

12 

2 

22 

ii 

8 

28 

17 

4 

23 

3 

3 

22 

9 

9 

28 

15 

15 

4 

4 

14 

3 

10 

20 

9 

16 

26 

5 

25 

14 

ii 

i 

20 

17 

7 

26 

6 

6        25 

12 

12 

i 

18 

18 

7 

1 

19 

29 

18 

.PROBLEM     VIII. 

To  calculate  the  Moon's  Age  on  any  given  day. 

RULE. 

To  the  given  day  of  the  month,  add  the  Epaft  and  number  of 
the  month  :  If  the  fum  be  lefs  than  30,  it  is  the  Moon's  age  ; 
but  if  it  exceed  30,  then  take  30  from  ir;  and  the  remainder  will 
be  the  Moon's  age. 

E  e  e  Note. 


4P*        G  H  R  O  N  O  L  O  G  I  C  A  L  P  R  O  B  L  E  M  S. 

Note,  The  numbers  to  be  added  to  the  following  months,  an? 
as.  follow  : 


•January   - 

0 

-July         i 

"    5~1 

February 

2 

Augult 

6 

March 

i 

September 

8  i 

April         i 

2 

Odober 

8 

May 

3 

November 

10 

-  June 

4, 

b.  December 

L.  1O  - 

EXAMPLE.   For  January  25th,  17-86.. 

{Given  day  —  25 

Epad  z=  29, 

No.  of  the  month  —  oo 


54 
Subtraft  30 


24 zz  Moon's  age. 


PROBLEM     IX. 


T&  faid  tke  times  of  the  New  and  Full  Moon9  and  thf  Jirft  and  lap 

Quarters* 

RULE. 

Find  the  Moon's  age  on  the  given  day,  tnen^  if  it  be  15,  the 
Moon  will  be  full  on  that  day,  and  by  counting  ^\  days  back 
ward  and  forward  you  will  have  the  firft  and  laft  quarters,  and 
by  counting  backward  and  forward  15  days,  you  will  have  the 
times  of  the  lafl  and  next  change  ;  but  if  the  age  of  the  Moon 
be  greater  than  15,  take  .15  from  it,  and  the  remainder  will  fhew 
how  many  days  have  paft  fince  the  laft  full  moon,  and,  counting 
thefe  backward,  you  will  have  the  day  the  lafl  full  Moon  hap 
pened  on,  and  by  knowing  that,  we  can  find  the  change,  or  ei 
ther  of  the  quarters,  as  before.  Again,  if  the  age  of  the  Moon, 
on  the  affumed  day,  be  lefs  than  1,5,  then  take  that  from  15.  and 
the  remainder  will  fhew  how  many  days  are  to  run  till  the  next 
full  Moon,  which  you  will  have  by  adding  the  remainder  to  the 
affumed  day  ;  and,  proceeding  as  before,  you  will  have  the  days 
"»f  <.he  change,  and  either  quarter  as  above. 
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,  For  January  25th,  1786. 

fAflumedday  =25 

Add^Epaft  =29 

L  Number  of  th€  month  zr  oo 

54 
Subtract  30 

Moon's  age  zz  24 
Subtract  15 

Take  the  days  fin ce  the  laft  full  Moon  =    9 
-From  the  affumed  day  =r  25 

To  the  day  of  the  full  Moon  =  i6th. 

Add  15 

New  Moon  3ift» 

From  the  full  Moon  16 
Take  2? 

Firft  quarter    gth. 

To  the  full  Moon  r=  16 
Add    7f 

Laft  quarter  rr  23d. 
PROBLEM     X. 

The  time  of  the  Moon's  coming  to  the  South,  after  the  Sun,  being  giv 
en,  tojind  the  Age  of  the  Moon. 

RULE. 

As  24  hours,  the  whole  difference  of  time,  are  to  30,  the  num 
ber  of  days  from  change  to  change  :  So  is  the  difference  of  time, 
to  the  Moon's  age. 

EXAM  P.  I  obferved  the  Moon  to  be  on  the  meridian,  or  due 
ibuth,  at  6  o'clock  in  the  afternoon  ;  What  is  the  Moon's  age  ? 

24  :  30  : :  6  :  7}  days,  Anf<> 

PROBLEM      XI. 

Tojind  the  time  of  the  Moon's  Southing, 

RULE. 

Multiply  the  Moon's  age,  on  the  given  day,  by  48  minutes, 
-and  divide  the  produft  by  60,  the  minutes  in  an  hour,  (or  multi 
ply  by  4,  and  divide  by  5,)  and  the  quotient  will  (hew  how  ma- 
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ny  hours  and  minutes  the  Moon  is  later,  in  coming  on  the  me 
ridian,  than  the  Sun,  and  counting  fo  many  houis  and  minutes 
forward  from  12  o'clock,  we  have  the  time  of  the  Moon's  fouth- 
ing  ;  if  the  hours  and  minutes,  found  as  above,  be  lefs  than  12, 
then,  that  will  be  the  time  of  the  Moon's  fouthing  after  noon  ; 
but,  if  greater  than  12,  then  take  12  from  them,  and  the  remain 
der  will  be  the  time  of  the  Moon's  fouthing  in  the  morning. 

EXAM  P.  i.  Required  the  time  of  the  Moon's  fouthing  on  the 
25th  day  of  January  1786  ? 

Or, 

Moon's  age  zz  24  24 

h.   m.  48  4 

From  19  12 
Take  12  oo  g  5)96 

y      h.   m.  —         h,  m. 

7  12  60)1152(19  12  I9|-zzi9  12  as  before, 

Kence,  the   Moon         60 
fouths  at  12  minutes         .    .... 
pafl  7  in  the  morn-         552 
ing.  54° 

12 

EXAM  P.  2.  For  the  gth  of  February  1786  ? 
Moon's  age  —  10 

48 

h.  m. 

60)480(8  o  afternoon,  is  the  time  of  the  Moon's 

480  fouthing. 

Note.  From  the  change  to  the  full,'  the  Moon  comes  to  the 
fouth  afternoon  ;  but  from  the  full  to  the  change,  before  noon. 

PROBLEM     XII. 

To  find  on  zuhat  day  of  the  week,  any  given  day  in  any  month  will  Jail. 

As  one  of  the  firft  feven  letters  of  the  alphabet  is  prefixed  to 
every  day  in  the  year,  beginning  with  A,  which  is  always  pre 
fixed  to  the  firft  day  of  January  :  And  as,  in  common  years,  the 
letter,  annexed  to  the  firft  Sunday  in  January,  fhews  the  Do 
minical  Letter  for  that  year  ;  but  every  leap  year  having  two 
Dominical  Letters,  the  firft  of  which  ferving  to  the  24th  of  Feb 
ruary,  and  the  other  for  the  reft  of  the  year,  confequently,  in 
any  common  year,  the  Dominical  Letter  being  known,  the  firft 
of  January  may  be  eafily  found,  reckoning  from  A  according  to 
the  natural  order  of  the  letters  :  And  in  any  leap  year,  the  firft 
of  its  two  Dominical  Letters  will  {hew  as  above,  counting  from 
A  1,  B  2,  C  3,  &c.  and  by  counting  backward,  you  may  have  the 
day  of  the  week,  on  which  the  firft  of  January  will  happen. 

Runs. 
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RULE. — Find  the  day  of  the  week  anfwering  to  the  firft,  of  Jan 
uary  that  year,  then  add  together  the  days  contained  in  each 
month  from  the  beginning  of  the  year  to  the  propofed  day  of  the 
month  inclufivcly  ;  divide  this  fum  by  7,  and  if  any  thing  re 
main,  after  the  divifion,  then,  count  (o  many  forward,  beginning 
with  that  day  on  which  the  firft  of  January  falls,  and  you  will 
have  the  day  of  the  week,  on  which  the  propofed  day  will  fall  : 
But  if  nothing  remain,  then  the  day  of  the  week,  preceding 
that  day  on  which  the  firft  of  January  falls,  anfwcrs  to  the  pro 
pofed  day. 

EXAM   P   L  E. 

On  what  day  of  the  week  will  the  gth  day  of  May  1786  fall  ? 

.]an-      31 

By  the  preceding  obfervations,  and  by  teb.  28 
Prob.  4th,  the  firft  of  January  is  found  March  31 
to  fall  on  Sunday*  April  30 

May        5tb. 

Now,  counting  forward  fix  days  from 

Sunday,  the  firft  of  January  (inclufively) 

and  the  ^th  of  May  falls  on  Friday. 

55 
49 

6  from  Jan,  i. 
PROBLEM     XIII. 

Tojind  the  Cycle  of  the  Sun. 

RULE. — Add  9  to  the  given  year  ;  divide  the  fum  by  28,  and 
the  remainder,  after  divifion,  is  the  Cycle  required  ;  but  if  noth 
ing  remain,  the  Cycle  is  28. 


EXAMPLE. 


For  the  year  1786  ? 

To  1786 
Add      9 


.8)1795(64 

168  The  ufe   of  this  Cycle  is 

•  •    •  •"  to  find  the  Dominical  Letter 

115  by  the  following  Table, 

112 

3  ~  Cycle  required. 
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A.  TABLE  of  the.  Dominical  Letters  for  the  A'esj  Style*  ac 
cording  to  the  Cycle  of  the  Sun. 

Cycle. 

Letter.  \  \  Cycle. 

Letter.  \\  Cycle.    \   Letter.  ||  Cycle. 

Letter. 

i 

2 

3 

4 
5 
6 

7 

D  C 
B 
A 
G 
FE 
D 
C 

» 
9 
10 
11 

12 

_1L 
14 

B 
AG 

T~ 
E 
D 
CB 

~A~" 

J5 
16 

'7 

G 

F 
E  D 

22 

23 
24 

25 

20 

3 

E 
D 
C 
B  A 
~ 
F 
E 

18 

19 

20 

21 

C 
B 
A 
GF 

This  Table,  by  the  prefent  rule,  will  ferve  but  to  the  end  of 
this  century.  The  leap  year  being  to  be  omitted  in  the  year 
1800,  will  make  it  necelfary  to  add  25  to  the  date  of  the  year, 
and  then  dividing  by  28,  it  will  give  the  Cycle  right  during  the 
next  century.  And  this  is  a  general  rule  to  be  obferved,  that 
when  a  leap  year  has  been  abated,  add  16  to  the  number  which 
was  before  added  to  the  year,  rejecting  28,  when  it  exceeds  it, 
and  this  number  being  added  to  the  year,  and  the  fum  divided 
by  28,  the  remainder,  after  divifion,  will  be  the  Cycle  for  find 
ing  the  Dominical  Letter.  Thus,  in  the  nineteenth  century,it  will 
be  9-f~16  —  25,  and  in  the  twentieth  century  25-f-i6 — 28  —  13, 
which  number  will  ferve  two  centuries,  for  the  year  2COO  is  a 
leap  year. 

PROBLEM     XIV. 


To  find  the  year  of  the  Dwnyfian  Period. 

RULE. — Add  to  the  given  year  457  ;  divide  the  fum  by  532, 
and  the  remainder  will  be  the  number  required. 

EXAMPLE. 
Required  the  year  of  the  Dionyfian  Period  for  the  year  1786  ? 

To  1786 

Add  457 


532)2243(4 
2128 

115  zr  Dionyfian  Period. 

PROBLEM     XV. 
To  Jlnd  the  year  of  Indiclicn. 

RULE. — Add  3  to  the  given  year  ;  divide  the  fum  by  15,  an<i 
the  remainder,  after  divifion,  will  be  the  Indiction  ;  if  nothing 
remain,  it  will  be  15, 

EXAMPLE, 
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EXAMPLE. 

Required  the  year  of  Indiftion  for  1786  ? 
To  1786 
Add 


15 

28 

*5 

J39 
135 

4  zr  Indiftion. 

PROBLEM       XVI. 

To  find  the  Julian  Period. 

RULE.  —  Add  4713  to  the  given  year,  and  the  fum  will  be  the 
Julian  Period.  E  x  A  M  P'  L  *. 

What  year  of  the  Julian  Period  will  anfwcr  to  the  year  1786? 

To  1786 
Add  4713 


6499 

PROBLEM     XVII. 

To  find  the  Cycle  of  the  Sun,  Gulden  Number,  and  Indiftion,for  any 

current  yeaf. 

RULE.  —  To  the  current  year  add  4713  ;  divide  the  fum  by  28,  19 
and  15,  refpeftively,  and  the  feveral  remainders  will  be  the  num 
bers  required  ;  when  nothing  remains,  the  divifor  is  the  number 

E  x  A    M   P   L   E. 

What  are  the  Cycle  of  the  Sun,  Golden  Numbej|  and  Indic- 
tion,  for  the  year  1786  ? 

1786    '  *9)6499(342  15)6499(433 

47  '  3  57  60 

28)6499(232  79  49 

56  76  45 

^9  39  49 

84  38  45 

59  Gold.  Numb,  rn  i  ladi&ion  =:  4 

§£ 

3  Cycle  of  the  Sim,  PROBLEH 
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PROBLEM      XVIII. 

Having  the,  Cycle,  of  the  Sun,  the  Golden  Number,  and  IndiElion,  tojtnd 

the  year  of  the  Chrijlian  J£.ra. 

RULE. — Multiply  4845  by  the  Cycle  of  the  Sun  ;  4200  by  the 
Golden  Number,  and  6916  by  the  Indiftion  :  Add  the  leveral 
products  together,  and  divide  the  fum  by  7980  ;  the  remain 
der,  after  divifion,  will  be  the  Julian  Period,  from  which  fub- 
tra£fc  471 3,  and  the  remainder  will  be  the  year  required. 

EXAMPLE. 

The  Cycle  of  the  Sun  being  3.  Golden  Number  I,  and  Indic- 
tion  4  ;  What  year  of  the  Chriflian  y£ra  is  it  ? 

4845  4200  6916  27664 

3  *  4  4200 

'4535  420°  27664 

7980)46399(5 
39900 

6499 
Subtract  4713 

1786  Anf. 
PROBLEM     XIX. 

Tojind  the  time  of  High  Water. 

RULE. — Find  the  Moon's  feuthing,  to  which  add  the  point  of 
the  compafs  making  full  fea,  on  the  full  and  change  days,  for  the 
place  propofed,  and  the  fum  will  be  the  time  required. 

EXAMPLE. 

I  demand  the  time  of  higr?  water  at  Bofton,  January  2^th  1 786, 
admitting  the  tide  to  flow  and  ebb  N.  W.  and  S.  E.  on  the  days 
of  change  and  full  ? 

We  have  before  found  the  Moon's  fouthing  to  be  7  A.  i  zm,  in 
the  morning. 

h.  m. 
Therefore  to  7  1 2 

Add  4    o  rr  the  point  of  the  compafs,  and  it 

Gives  11   12  in  the  morning,  for  the  time  of  high  water. 

PROBLEM     XX. 
Tojind  on  tvhat  day  Eajler  will  happen, 

It  was  ordered  by  the  Nicene  Council,  that  Eafter  Sunday 
fiiould  be  kept  on  the  firft  Sunday  after  the  firft  full  Moon,  which 
happened  upon  or  after  the  twenty  firft  day  of  March,  the  day 
on  which  they  thought  the  Vernal  Equinox  happened.  Though 
this  was  a  miftake,  for  the  Vernal  ^Equinox,  that  year,  fell  on 
the  twentieth  of  March,  But  yet,  the  full  Moon,  which  fell  on, 

or 
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«r  next  after  the  twenty  firft  of  March,  they  called  the  Pafchal 
full  Moon.  And  by  the  introduction  of  the  Gregorian,  or  New 
Style,  the  ^Equinox  will  now  always  happen  on  the  twentieth  or 
twenty  firft  of  March.  Andthefeaftof  Eafter  is  now  to  be  kept  on 
the  next  Sunday  after  the  Pafchal  full  Moon,orthefullMoon  which 
happens  after  the  twenty  firft  of  March  ;  but,  if  the  full  Moon 
happens  on  a  Sunday,  Eafter  day  is  to  be  the  next  Sunday  after. 
RULE, — Find  the  age  of  the  Moon  on  the  21  ft  of  March,  in 
the  given  year,  and  if  it  be  14,  then  find  the  day  of  the  week 
anfwering  to  it,  and  the  Sunday  following  is  Eafter  Sunday  ;  but 
if  the  Moon's  age  on  the  2ift  day  of  March  be  not  14,  then 
reckon  forward  to  the  day  on  which  the  Moon's  age  is  14,  and 
find  the  day  of  the  week  anfwering  to  that  day  ;  the  Sunday 
following  will  be  the  day  required. 

N.  B.  On  leap  year  take  the  2oth  of  March. 
EXAMP.  When  does  Eafter  happen  in  the  year  1786  ? 
21  of  March  Jan.  31 

29  Epaft.  Feb.  28 

i  No.  of  the  month.  March  31 

—  April  1 3th 

5i  

Subt.  30  7)103(14 

21  Moon's  age. 

No.  of  days  to  the  Moon's  33 

being  14  days  old.  28 

44  5  Therefore, 

Take  3 1  —  days  in  March,     the  firft  of  January  being  Sunday, 

— —  reckon  forward  5  days,  including 

I3th  of  April,  the  Sunday,  and  you  will  find  the  J  3th 

day  of  the  full  Moon,  of  of  April  falls  on  Thurfday,  con* 

Eafter  limit.  fequently  the  next  Sunday  is  the 

i6th,  which  is  Eafter  Sunday. 

Eafter  may  be  found,  for  any  future  time,  by  the  following 
Table,  which  is  calculated  from  i  753,  the  time  of  the  commence 
ment  of  the  NeW  Style  in  America,  and  which  {hews,  bv  the 
Golden  Number,  the  days  of  the  Pafchal  full  Moons  ;  by  which, 
and  the  Dominical  Letter,  the  day  on  which  Eafter  will  fall, 
may  be  found. 

The  Ufe  of  the  Table. 

Firft  find  the  Golden  Number  as  before  taught,  which  feek  in 
the  column  of  Golden  Numbers  under  the  time  in  which  the 
given  year  is  included  ;  right  againft  the  Golden  Number  of  the 
year,  in  the  laft  column  but  one,  you  have  the  day  of  the  month 
on  which  the  Pafchal  full  Moon  happens,  which' is  the  limit  of 
Eafter ;  from  thence  run  your  eye  down  among  the  Dominical 
F  f  f  Letters, 
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Letters,  till  you  come  to  the  Letter  of  the  given  year,  and  again(£ 
it  you  have  the  day  of  the  month,  on  which  Eafter  ralls  that  year, 

EXAM  P.  To  know  when  Eafter  falls  in  1786. 

The  Golden  Number  for  the  year  being  i,  and  the  Dominical 
Letter  A  ;  therefore  leek  in  the  firft  column  (the  given  year  being 
included  between  the  years  175$  and  1899  )  for  the  Golden  Num 
ber  :  Then  call  your  eye  along  to  the  laft  column  but  one,  un 
der  the  title,  Pafchal  full®,  and  you  will  find  the  thirteenth  of 
April  to  be  the  day  of  the  full  Moon  ;  againfl  which,  in  the  laft 
column,  ftands  E,  which  fhews  it  to  be  Thurfday,  therefore  the 
next  Sunday  follow  ing  is  Eafter  Sunday,  which,  by  going  down 
the  column  of  Letters  to  the  next  A,  you  will  find  to  be  the  fix- 
teenth  of  April. 


GOLDEN  NuMBKRs/r<m  1753  to  i&qg,  ana  jo  on  to  4199,  inclu/ively. 
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Ths  USE   of  L  O  G  A  R  I  T  H>M  S. 

i.  In  MULTIPLICATION, 
Given  twc  numbers,  viz.  275  and  12,6,  to  find  thtir  produtt. 

.. — To  the  logarithm  of  275,  viz.  2,43933 

Add  the  logarithm  of  12,6,  viz.         -     -       -    '  -       1,10037 

And  their  fum  is  the  logar.  of  their  prod,  viz,  3465  =  3,53970 

2.  In  DIVISION. 

Let  it  be  required  to  find  the  quotient,  which  arifes  by  divid 
ing  one  number  by  another  ;  fuppofe  1425  by  57. 

From  the  logarithm  of  the  dividend,  viz.  1425          —  3,15381 
Take  the  logarithm  of  the  divifor,  viz.  57  zzz  1,75587 

And  the  remainder  is  the  logar.  of  the  quot.  viz,  25  zz  1,39794 

3.  In  the  RULE  of  TURKS. 
Three  numbers  given,  to  find  a  fourth,  in  dirtEt  proportion. 

RULE. — From  the  Tables  take  the  logarithms  of  each  of  the 
-propofed  numbers,  then,  add  the  logarithms  of  the  fecond  and 
third  together,  and  from  the  fum  take  the  logarithm  of  the  firft, 
and  the  remainder  will  be  the  logarithm  of  the  fourth  number. 

Let  the  three  propofed  numbers  be  iB,  24,  and  33,  and  the  ope« 
ration  will  ftand  thus  ; 

1,38021  n:  the  logarithm  of  24,  the  ad  term. 

1,51851  —  the  logarithm  of  33,  the  3d  term. 

2,89872  zz:  the  logarithm  of  their  produft. 
—1,25527  —  the  logarithm  of  the  firft  term  18. 

1  ^4345  —  the  logarithm  of  the  fourth  term  required,  which, 
by  the  Table,  anfwers  to  the  natural  number  44,  the  4th  propor 
tional  to  the  three  propofed  numbers. 

4.  /rc  INVOLUTION  or  RAISING  POWERS. 

To  find  any  power  of  any  propofed  number,  or  tv  involve  any  number  to 
any  prqpojed  power,  by  logarithms. 

RULE.  — Multiply  the  logarithm  of  the  given  root  by  the  pow 
er,  viz.  by  2  for  the  fquare,  by  3  for  the  cube,  &c.  and  the  prod- 
ii&  is  the  logarithm  of  the  power  fought. 
Required  to  find  the  cube  of  12  ? 

1,07918  —  the  logarithm  of  12. 

X3  :n  the  third  power,  or  cube. 

3?23754  =  J7*8,  the  cube  of  is. 

3.  In 
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5.  In  EVOLUTION  or  EXTRACTING  ROOTS, 
To  cxtratt  any  root  of  any  propojed  number. 

RULE. — Divide  the  logarithm  of  the  propofed  number  by  the 
index  of  the  required  root,  viz.  by  2  for  the  fquare,  by  3  f®r  the 
cube,  &c.  and  the  quotient  will  be  the  logarithm  of  the  root  re 
quired. 

Required  to  find  the  cube  root  of  1728  ? 

3,23754  zr  the  logarithm  of  1728,  and  3,23754—3  rz  1,07918 
is  the  logarithm  of  the  cube  root  of  1728,  viz.  12. 

6.  In  COMPOUND   INTEREST. 

To  Jtnd  the  amount  of  any  fum  for  any  time,  and  at  any  rate,  at  Com 
pound  Inter  eft. 

RULE. — Multiply  the  logarithm  of  the  ratio  (i.  e.  the  amount 
of  il.  for  I  year)  by  the  number  of  years,  and  to  the  produft  add 
the  logarithm  of  the  principal  ;  the  fum  will  be  the  logarithm 
of  the  amount. 

What  will  45/.  amount  to,  forborne  12  years,  at  6  per  cent, 
per  annum,  compound  intereft  ? 
Log.  of  1,06,  the  ratio,  is  ,02533 
Multiply  by  the  time         12 

,30396 
Addlog.  of45jtheprincip.  1,65321 

The  fum  is  1,95717  which   is  the  logarithm   ef 

9°,  1  =£"9°  W.Anf. 
7.  In  DISCOUNT  at  COMPOUND  INTEREST. 

Tojind  the  frejent  worth  of  any  fum  of  money,  due  any  time  hence,  at 

any  rate,  at  Compound  Intereft. 

RULE. — From  the  logarithm  of  the  fum  to  be  difcounted,  fub- 
traft  the  logarithm  of  the  rate  multiplied  by  the  time  ;  and  the 
remainder  is  the  logarithm  of  the  prefent  worth. 

What  prefent  money  will  pay  a  debt  of  go/.  141.  due  12  years 
lience,  difcounting  at  the  rate  of  6  per  cent,  per  annum  ? 

From  the  logarithm  of  £$Q  14=3  1,95717 
Subt.  prod,  of  the  log.  of  the  ratio  X  by  the  time  zz:    ,30396 

The  remainder  1,65321  is  the 
logarithm  of  £^45  Anf. 

PLAIN     GEOMETRY. 
Definitions, 

1.  A  Point  in   the  Mathematics  is  confidered  only  as  a  mark, 
without  any  regard  to  dimenfions. 

2.  A  Line  is  confidered  as  length,  without  regard  to  breadth 
&-  thick nefs, 

3-  A 
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3.  A  Plain  or  Surface  has  two  dimenuons,  length  and  breadth, 
but  is  not  confidered  as  having  thicknefs. 

4.  A  Solid  has  three  dimenfions,  length,  breadth  and  thick 
nefs,  and  is  ufually  called  a  Body. 

5.  A  Line  is  either  JtraJgkt,  which  is  the  neareft  diftance  be 
tween  two  Points  ;  or  crooked,  called  a  Curve  Line,  whole  ends 
may  be  drawn  further  aiunder. 

6.  If  two  Lines  are  at  equal  diftance  from  one  another  in  ev 
ery  part,  they  are  called  parallel  Lines,  which,  if  continued  in 
finitely,  will  never  meet. 

7.  If  two  Lines  incline  one  towards  another,  they  will,  if  con 
tinued,  meet  in  a  point  :  By  which  meeting  is  formed  an  Angle. 

8.  If  one  Line  fall  directly  upon  another,  fo  that  the  Angles 
on  both  fides  are  equal,  the  Line,  fo  falling,  is  called  a  perpendic 
ular,  and  the  Angles,  fo  made,  are   called  right  Angles,  and  are 
equal  to  90  degrees,  each. 

9.  All  Angles,  except  right  Angles,  are  called  oblique  Angles, 
whether  they  are  acute,  that  is,  lei's  than  a  right  Angle  ;  or  ob- 
tufe9  that  is,  greater  than  a  right  Angle. 

GEOMETRICAL     PROBLEMS. 

PROBLEM  I.    To  divide  a  Line  AB  into  two  equal  parts, 

Set  one  foot  of  the  compaffes  in 
tha  point  A,  and,  opening  them 
beyond  the  middle  of  the  line,  de- 
fcribe  arches  above  and  below  the 

line  ;  with  the  fame  extent  of  the  A [ ^ 

compafles,  fet  one  foot  in  the  point 
B,  and  defcribe  two  arches  c roil 
ing  the  former  :  Draw  a  line  from 
the-interfe&ion  of  the  arches  above 
the  line,  to  the  interfetlion  below 

the  line,  and  it  will  divide  the  line  AB  into  two  equal  parts. 
PROBLEM  II.  To  erect  a  perpendicular  on  tke  point  C  in  a  give  line. 

Set  one  foot  of  the  compafles 
in  the  given  point  C,  extend  the 
other  foot  to  any  diftance  at 
pleafure,  as  to  D,  and  with  that 
extent  make  the  marks  D,  and 
E.  With  the  compaffes,  one 
foot  in  D,  at  any  extent  above 

half  the  diftance  of  D   and  E, 

defcribe  an  arch  above  the  line,          D  C  E 

and  with  the  fame  extent,  and 

one  foot  in  E,  defcribe  an  arch, 

crpfling  the  former  ;  draw  a  line  from  the  interfeftion  of  the 

arches  to  the  given  point  C,  which  will  be  perpendicular  to  the 

given  line  in  the  point  Cf 

PROBLEM 
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PROBLEM  II I.  To  erecl  a  perpendicular  upon  the  end  of  a  line* 

Set  one  foot  of  the  compaffes  in  the  given  point  B,  open  them 
to   any   convenient    diflance, 
and  defcribe  the  arch  CDE  ; 

fet  one  foot  in  C,  and  with  the  £ 

fame  extent,  crofs  the  arch  at  *?•*'!?"     *'""-i 

D  :    With   the   fame  extent 
crofs  the  arch  again,  from  D  f* 

to  E  ;  then   with  one  foot  of  / 

the  eompaffes  in  D,  and  with  j 

any  extent  above  the  half  of  A.-  p 

DE,  defcribe  an  arch  a  ;  take 
the  compaffes  from  D,  and,  keeping  them  at  the  fame  ^extent  with 
one  foot  in  E,  interfecl  the  former  arch  a  in  a  ;  from  thence 
draw  aline  to  the  point  B,  which  will  be  a  perpendicular  to  AB. 

PROBLEM  IV.  From  a  given  point,  a,  to  let  fall  a  perpendicular  to  a 
given  line  AB. 

Set  one  foot  of  the  compaffes 
in  the  point  a,  extend  the  other 
fo  as  to  reach  beyond  the  line 
AB.  and  defcribe  an  arch  to  cut 
the  line  AB  in  C  and  D  ;  put 
one  foot  of  the  compaffes  in  C, 
and,  with  any  extent  above  half  / 

CD,  defcribe  an  arch  b  ;  keeping  ' 

the  compaffes  at  the  fame  extent,  ^  ^-Iv»^—__ 

putonefootin  D,andinterfeftthe  c'" E '''& 

arch  b  in  b  ;  through  which  in- 

terfeclion,  and  the  point  a}  draw  a  E,  the  perpendicular  required, 

PROBLEM  V.  To  draw  a  Line  parallel  to  a  given  Line  AB. 

Set  one  foot  of  the  com 
paffes  in  any  part  of  the      B  V7r-~--<rrrr- ..^---^.jr 

line,  as  at  c  ;  extend  the 

compaffes  at  pleafurc,  un- 

lefs  a  diftance  be  affigned, 

and  defcribe   an   arch  b  j       •"•      £  i..~—.g— *Jfr 

with  the   fame  extent,  in 

fome  other  part  of  the  line  AB,  ,'iS  at  <r,  defcribe  the  arch  a  ;  lay 

a  ruler  to  the  extremities  of  the  arches,  and   draw  the  line  EF5 

which  will  be  parallel  to  the  line  A 15. 

PBOBLEM  VI.  To  make  an  An^k  equal  tc  any  number  of  Degrees, 

It  is  required  to  lay  off  a-a  acu'-  Angle  of  3--,°on  a  given  line 
AB. 

Take 
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Take  60  degrees  from  the  line 
«f  chords  in  the  compafles,  fet 
one  foot  of  the  compaffes  in  the 
point  A,  defcribe  an  arch  CD,  at 
pleafure  ;  then  fet  one  foot  of 
the  compafles  in  the  brafs  centre 
in  the  beginning  of  the  line  of 
chords,  and  bring  the  other  to  35 
on  the  line  ;  with  this  extent,  fet 

one  foot  in  C,  with  the  other  interfecl:  the  arc'h  CD,  in  a,  and 
through  a  draw  the  line  AE,  fo  will  EAB  be  an  angle  of  35  degrees. 

If  the  angle  had  been  obtufe,  fuppofe  125°,  then  take  90°  from 
the  line  of  chords  ;  fet  one  foot  in  C,  and  interfecl:  the  arch  in 
b  ;  then  take  35°  from  the  fame  line  of  chords,  and  fet  them  front 
b  to  d  ,*  a  line  drawn  from  A  through  d  to  F  will  make  an  angle, 
FAB,  of  1250. 

To  meafure  an  angle  by  the  line  of  chords  is  only  to  take  the 
diftance  on  the  arch  between  the  lines  AB  and  AE,  or  AB  and 
AF,  and  laying  it  on  the  line  of  chords. 

PROBLEM  VII.  To  «nake  a  Triangle,  whofe  fides  fiall  be  equal  to  three 

given  lines,  provided  any  two  of  them  be.  Longer  than  the  third. 
Let  A,B,C,  be  the  three  given        ,  A 
lines  ;  draw  a  line,  AB,  at  pleaf-        p  -  » 

take  the  line  C  in  the  com-       ~    ~~~"  ~  -  •  —  '     > 


ure 

pafles,  fet  one  foot  in  A,  and  with 
the  other  make  a  mark  at  B  ;  then 
take  the  given  line  B  in  the  com- 
paiTes,  and  fetting  one  foot  in  A, 
draw  the  arch  C  ;  then  take  the 
line  A  in  the  compaiTes,  and  inter- 
left  the  arch  C  in  C  ;  laftly,  draw 
the  lines  AC  and  *BC,  and  the  tri 
angle  will  be  completed. 

PROBLEM  VIII.  To  make  a  Square,  having  equal  fides,  equal  to  any 

given  line. 

Let  A  be  the  given  line  ;  draw  a  line 
AB  equal  to  the  given  line  ;  from  B 
raife  a  perpendicular  to  C  equal  to  AB, 
with  the  fame  extent,  fet  one  foot  in  C, 
and  defcribe  the  arch  D  ;  alfo  with  the 
fame  extent,  fet  one  foot  in  A  and  in- 
terfeft  the  arch  D  ;  laftly,  draw  the  line 
AD  and  CD,  and  the  fquare  will  be 
complete*!. 

in  like  manner  may  a  Parallelogram 
be  coniiruclcd.  only  attending  to  the  dif- 
fere  nee  between  the  length  and  breadth, 


A 
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PROBLEM  IX.  To  dejc  ribs  a  Circle,  which  Jhall  pajs  i  h  rough  any  thret 

given  Points,  which  arc  not  in  ajlraigkt  line. 
Let  the  three  given  points  be  ABC,  through  which  the  circle 
is  to  pafs.  Join  the  points  AB  and  BC  with  right  lines,  and  bi- 
feft  thefe  lines  ;  the  point  D,  where  the  bifefting  lines  crofs  each 
other,  will  be  the  centre  of  the  circle  required.  Therefore, 
place  one  point  of  the  compaffes  in  D,  extending  the  other  to  ei 
ther  of  the  given  points,  and  |he  circle,  defcribed  by  that  radi 
us,  will  pafs  through  all  the  points. 

Hence,  it  will  be  eafy  to  find  the  cen 
tre  of  any  given  circle  ;  for,  if  any  three 
points  are  taken  in  the  circumference  of 
the  given  circle,  the  centre  will  be 
readily  found  as  above.  The  fame  may 
alfo  be  obferved,  when  only  a  part  of 
tke  circumference  is  given. 

PROBLEM  X.  To  defcribe  an  Ellipsis  or  Oval  mechanically. 
Draw  two  parallel  lines,  as  L  and  M,  at  a  moderate  diflance,  by 
Prob.  5  ;  then  draw  two  others  at  the  fame  diftance,  acrofs  the 
former,  as  N  and  O  ;  by  the  crofling  of  thefe  lines  will  be  made 
a  figure,  ABCD,  of  four  fides  ;  extend  the  compaffes  at  pleafure, 
and  fetting  one  foot  in  Dj  defcribe  the 
arch  cde  ;  with  the  fame  extent,  fet  one 
foot  in  B,  and  defcribe  the  arch  fgh  ; 
then,  fet  one  foot  in  C,  and  contract 
them  fo  as  to  reach  the  point  e,  and  de 
fcribe  the  arc-Ja  Im  j  with  the  fame  ex 
tent,  and  one  foot  in  A,  defcribe  the 
arch  ik,  and  the  oval  will  be  complet 
ed.  In  the  fame  manner,  with  a  great 
er  or  lefs  extent  of  the  compafles,  may  a  greater  or  lefs  oval  bt 
jnade  by  the  fame  four  fided  figure  ABCD. 

Of  PLAIN  TRIGONOMETRY,  RIGHT  and  OBLIQUE  ANCLE*. 

Plain  Trigonometry  is  that  fcience,  by  which  we  meafure  th« 
fides  and  angles  of  plain  triangles. 

SECTION  I.  Of  Rectangular  Trigonometry, 

In  a  right  triangle,  the  longeft  fide  is  ufually  called  the  hypoth- 
enufe,  the  next  longed,  the  bafe,  and  the  fliortefl,  the  perpen 
dicular. 

Logarithmic  fines,  tangents,  and  fecants,  are  called  the  tabular 
fides  of  a  triangle,  and  are  the  fines,  &c.  of  the  oppofite  angles. 
The  length  of  the  fides  are  called  the  natural  fides. 

All 


PLAIN   TRIGONOMETRY. 

All  the  three  angles  of  a  triangle  are  equal  to  two  rig 
gleg,  or  180°. 

The  proportion   ought  to  be  made  between   fides  and 
and  between  angles  and  angles 

When  a  fide  is  required,  any  fide  (whether  known,  or  • 
be  made  radius  ;   but  when  an  angle  is  required,  '•'. 
fide  only,  mufl  be  made  radius. 

Note.  A  fideais  faid  to  be  made  radius,  when  one  Toot  of  the 
dividers  is  fet  in  one  end  of  the  fide,  and  fuch  a  circle  defer 
of  which  the  fide  is  the  femidiamefer  :  Alfo,  that  when  the  hv- 
pothenufe  is  radius,  it  is  the  lign  of  the  riiilu  angle,  or  90°,  jjrul 
the  bafe  and  perpendicular,  ufually  called  the  legs,  become  liner; 
of  their  oppofite  angles  :  But  when  one  of  the  legs  is  made  ra 
dius,  the  other  becomes  the  tangent  of  the  oppofite  an>*le,  and 
the  hypothenufc,  the  feeant  of  the  fame  angle.*  Tangent's  radi 
us  is  45". 

When  a  fide  is  to  be  found,  the  two  firft  terms  of  the  pronor- 
tion  muft  be  tabular  fides,  and  the  laft  a  real  one  ;  but  wh. 
angle  is  to  be  found,  the  two  firft  terms  muft  be  real  fide. 
the  third,  a 'tabular  one. 

The  given  parts,  whether  fides  or  angles,  are  marked  with , 

and  the  part  required,  with  O. 

Angles  are  meafured  by  the  arch  of  a  circle.     The  per:, 
of  every  circle,  whether  great  or  fmall,  is  divided   into  360  de 
grees,  each   degree  into   60  minutes,  every  minute   into  60  fee- 
ends,  and  fo  on,  to  thirds,  fourths,  &c. 

Any  portion  of  the  periphery  of  a  circle,  as  ECF,  is  called  an 
arch,  and  a  line  drawn  from  the  ends 
of  an  arch,  as,  EIF,  is  called  the  chord 
of  the  archi  Half  the  chord  of  any 
arch,  as  El,  is  called  the  fins  of  the 
arch  EC,  and  1C  is  called  the  verjtd 
fine,  of  the  fame  arch  EC  :  So  alfo, 
EG  is  the  fine,  of  the  arch  ED.  A 
line  drawn  perpendicular  to  the  di 
ameter  of  a  circle,  fo  as  to  touch  the 
circle,  and  not  cut  it,  is  called  a  tan 
gent,  as  CH,  which  is  the  tangent  of 
the  arch  EC,  becaufe  the  line  BH, 
drawn  from  the  centra  B,  through  E, 
called  the/foz»*,meets  it  in  the  pomtH. 

The  complement  of  an  arch  is  the  remainder,  after  the  arch  is 
taken  from  90°  ;  thus  KD  is  the  complement  of  the  arch  ALK, 
taken  from  the  arch  AD.  The  cofine  or  fine  complement  of  an 
arch  is  the  fine  of  the-  complement  of  that  arch,  as  iiD  is  the 
complement  of  EC. 

P  R  O  3  L  E  M 

*  To  work  on  the  fcale  wlih  a  fecant,  you  muft  sake  the  fines  backwards,  f'-ui  i* 
&o  fmes  for  10  fecants,  &c. 
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PROBLEM  I.  The  Angles  and  one  of  the.  Legs  given,  {o  Jind  the  Hy*> 
pothenufe  And  olh&r  Leg. 

EXAMP.  In  the  triangle  ABC,  right  angled  at  B,  fuppcfe  the 
leg  AB,  86  equal  parts  (as  feet,  yards,  miles,  &c.)  the  angle  An: 
33°,  40',  and  the  angle  C  rr  56°,  20'  ;  Required  the  length  of 
the  hypothenufe  AC,  and  the  other  leg  BC  ? 

Geometrically.  Draw  AB  equal  to  86,  from  anty  line  of  equal 
parts,  then  upon  the  point  B,ere£l  the 
perpendicular  BC  ;  laflly,  from  the 
point  A,  draw  the  line  AC,  making 
with  AB  an  angle  zn  33°,  40',  and  that 
line  produced  will  meet  BC  in  C,  and 
ib  conflitute  the  triangle.  The  length 
of  AC  and  BC  may  be  f®und  by  tak 
ing  them  in  your  compaffes,  and  ap 
plying  them  to  the  fame  line  of  equal  parts  that  AB  was  taken  from. 

By  Calculation.  By  making  the  hypothenufe  radius,  the  legs 
will  become  the  fines  of  the  oppofite  angles  ;  and  as  natural  fides 
are  required,  the  proportions  mufl  begin  with  tabular  fides  : 
Therefore,  for  the  hypothenufe, 

As  the  fine  of  C        56°, 2O7     9,92027  f     Here,  I    add   the  loga 
rithms  of  the  2d  and  3d 


Is  to  radius  90  ,op    10, 

So  is  the  fide  AB  86      1,93450 


9,92027 


terms,  and  from  their  fum 
fubtraft  the  firft,  and  the 
remainder  is  the  logarithm 
of  the  fide  fought,  which 
gives  iO3r3.Thefamemuil 
be  done  in  ail  the  follow- 


To  the  fide  AC  !©3>3     2,01423  jjng  cafes. 

For  the  Leg  EC. 

As  the  fine  of  the  angle  C  56°, 20'  9,92027 

Is  to  the  fineof  the  angle  A  33  j/jO  9.74380 

So  is  the  fide  AB                          86  1,0,3450 

To  the  fide  BC                      57,   28  1.75803 

Itmight  have  been  as  eafily  found  by  the  following  proportion  • 
As  R  :  S,A  : :  AC  :  BC. 

PROBLEM  II.   The.  Angles  and  Hypothenufe  given,  to  jind  the  Legs. 

EXAMP.  In  the  triangle  ABC,  fuppofe  the  hypothenufe  AC  ~~- 
146,  the  angle  A  =  36^25',  and  the  angle  C  r±  £3Q,35' ;  Re 
quired  the  legs  AB  and  BC  ? 

Geometrically.  Draw  the  line  AB  at  pleafure,  and  make  the  an- 
jle  A  n:  36°}25'  ;  then  take  AC  ~  146  from  any  line  of  equal 

pans 
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parts  ;  laftly,  from  the  point  C  let 
fall  the  perpendicular  CB  on  the  line 
AB  :  So  the  triangle  is  conftrufted, 
and  AB  and  BC  may  be  meafured 
from  the  line  of  equal  parts. 


By  Calculation.  Making  AC  radius,  the  legs  become  fines,  as 
before,  and  as  the  angles  are  given  to  find  the  fides,  we  muft  be 
gin  the  proportions  with  angles,  or  tabular  fides. 

For  the  Leg  AB. 
As  radius  9o09oO'    10, 

Is  to  the  fine  of  C  53  ,35       9,30565 
So  is  fide  AC  146       2,16435 

To  fide  A B  J17,5    2,07000 

For  the  Leg  BC. 
As  radius  9O°,oo      10, 

Is  to  the  fine  of  A  36  ,25        9,77353 
So  is  fide  AC  246        2,16435 

To  fide  BC  86,67  i»93788 

As  we  had"  before  found  AB,  the  proportion  might  have  been 
As  S,C  :  S,A  : :  AB  ;  BC. 
PROBLEM  III.  and  IV.  The  two  Legs  given,  to  Jtnd  the  Angles  and 

Hypothenufc. 

EXAM  P.  In  the  triangle  ABC,  fuppofe  the  leg  AB  rz  94,  and 
BC  in  56  ;  Required  the  angles  ana  hypothenufe  ? 

Geometrically.  Draw  AB  zz  94  from  any  line  of  equal  parts, 
then,  from  the  point  B  raife  BC  per 
pendicular  to  AB,  and  take  BC  from 
the  former  line  of  equal  parts  — - 
56  ;  laflly,  join  the  points  A  and  C 
with  the  ftraight  line  AC,  fo  the  tri 
angle  is  conftrafted.  AC  may  be  found 
by  taking  it  in  your  dividers  and  ap 
plying  it  to  the  line  of  equal  parts  ; 

and  the  angles  may  be  meafured  by  the  6th  Geometrical  Problem. 
By  Calculation,  ijl,   For  the  angle  A  ;  fuppofing  the  bafe  AB  the 
radius,  then  the  hypothenufe  becomes  fecant  of  the  angle  A,  and 
the  perpendicular  BC,  the  tangent  of  the  angle  A  :  And  as  an 
angle  is  required,  we  muft  begin  the  analogy  with  a  natural  fide. 
AsAB  94     1,97313 

IstoBC  56     1,74819 

So  is  tangent's  radius    45Q,OO  10, 
To  the  tangent  of  A      30^,47'    9,77506 

The  perpendicular  might  have  been  made  radius,  and  then  the 
proportion  would  have  been,  As  BC  :  AB  : :  tang.  rad. :  tang,  of  6. 

Now, 
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Now,  as  we  have  found  the  angle  A,  and  as  the  angles  A  anc? 
C,  taken  together,  are  equ*al  to  oou,  therefore  from  go^.co' 

rJt*ake  the  angle  A  zz  30°. 47 

And  we  have  the  angle  C  zr  59»vi3' 

£<•/.  For  the  Hypcthcnuje.    The  bafe  flill   being  radius,  we  have' 
this  analogy  for  finding  the  hypothenufe  :  As  T.  R  :  Sec.  A  :  : 
.  AC.     But  this  may  be  done  without  the  help  of  fecants  : 
For,  having  found  the  angles,  we  may  now  make  the  hypothe- 
nufe   radius  ;  and   as  a  natural  fide  is  required,  we  muft  begin 
the  proportion  with  a  tabular  fide  ;  therefore, 
As  the  fine  of  C     59V 3'     9:934°5 
J  s  to  radius  90  ,OO     10, 

So  is  AB  94      1,97313 

To  AC  lO9»4  2>o39o8 

Or  the  analogy  might  have  been.  As  S.  C  :  R  ; :  BC  :  AC. 

PROBLEMS  V.  and  V I .   The  Hypothennjt  and  one  of  the  Legs  giveny  to 
find  the  Angles,  and  other  Leg. 

Ex  AM  P.   In  the  triangle  ABC,  fuppofe  the  leg  ABzr  83,  and  the 
hypothenufe  AC  —  1 26  ;  Required  the  angles  A  £2  C,  £2  the  leg  BC  ? 

Geometrically.  Draw  AB  in  83  from  any  line  of  equal  parts  ; 
and  from  the  point  B,  raife  the 
perpendicular  BC  of  any  length, 
then,  take  the  length  of  AC  126 
from  the  fame  line  of  equal  parts, 
and  fetting  one  fool  of  the  divi 
ders  in  A,  with  the  other  crofs 
the  perpendicular  BC  in  C  ; 
laftly,  join  AC,  fo  the  triangle 
-will  be  conftru&ed,  and  the  an 
gles  may  be  meafured  as  cirecl> 
ed  in  Problem  3d  and  4th. 

By  Calculation.  Firft,  for  the   angle  C  ;  and  as  an  angle  is   re 
quires^,  we  muft  begin  with  a  fide,  making  the  hypothenufe  radius. 


As  AC 
is  to  AB 
So  is  radius 
To  fine  of  C 


i  26 

83 


10037 


9o°.oo 

4* 


1,91908 

10, 
12          ,9,81871 

From  90°,  oo" 

Take  the  angle  at  C  iz:  41  ,12 
And  we  have  the  angle  A  ~  48^,48" 

l'l-r  the  fide  BC.  As  a  fide  is  now  required,  we  muft  begin  with 
an^le  ;  therefore, 

As  radius  go°,oo'         10, 

is  to  the  fine  of  A  A%°,4*'  9587646 

So  is  AC  126  2,10037 

BC  94.8        J;9?683 

SECTION 
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SECT.   2,    Of  oblique  angular  Trigonometry. 

In  any  triangle,  the  fides  are  proportional  to  the  fines  of  the 
oppofite  angles. 

When  two  angles  of  any  triangle  are  given,  thsir  fum,  being 
fubtrafted  from  180°,  leaves  the  third  angle  ;  and  when  one  an 
gle  is  given,  that  being  fubtracied  from  180°,  leaves  the  I'urn  of 
the  two  unknown  angles. 

When  an  angle  exceeds  90°,  fubtracl  it  from  180°  and  work 
with  the  remainder. 
When  the  given  and  required  parts,  viz.  fides  and  angles.,  arc  oppofiie. 

.RULE  i. — As  in  right  angled  triangles. 

As  the  fine  of  any  angle  is  to  the  fine  of  any  other  angle  :  So 
is  the  fide  oppoiite  to  the  firfl  angle,  to  the  fide  oppofitc  to  the 
other  angle, 

Or,   As  any  one  fide  is  to  any  other  fide  :  So  is  the  fine  of  the 
angle  oppofite  to  the  firft  fide,  to  the  angle  oppoiite  to  the  other 
fide. 
When  any  two  fides  with  the  angle  included  between  them  are  given. 

RULB  2. — As  the  fum  of  any  two  fides  is  to  their  difference  ; 
So  is  the  tangent  of  the  half  fum  of  the  two  oppoiite  angles,  to 
the  tangent  of  half  the  difference  of  thofe  two  angles  ;  which 
half  difference,  being  added  to  the  half  fum,  gives  the  greater  of 
the  two  angles,  and,  being  fubtrafted  from  the  half  furn,  leaves 
the  lefs  of  the  two  unknown  angles. 

When  the  three  fides  are  given,,  to  find  the  angles. 

RULE  3. — As  the  bafe  of  any  triangle  (or  fum  of  the  fegments 
of  the  bafe)  is  to  the  fum  of  the  other  two  iides  :  So  is  the  dif 
ference  of  thofe  fides,  to  the  difference  of  the  two  fegments  of 
the  bafe,  made  by  letting  fall  a  perpendicular  to  the  bafe  from 
the  angle  oppofite  to  it  :  Half  of  which  difference,  being  added 
to  half  the  fum  of  the  two  fegments,  gives  the  longeft,  and,  be 
ing  fubtrafted,  leaves  the  flidrteft. 

The  learner  being  now  fomewhat  acquainted  with  the  com 
mon  method  of  working  by  logarithms,  it  will  be  proper  to  fhew 
how  to  perform  thofe  proportions  without  fubtra&ing  the  firfb 
number  from  the  fum  of  the  feeond  and  third  ;  which  is  done 
by  fetting  down  the  arithmetical  complement  of  the  lirft  term 
inftead  of  the  logarithm.  This  may  be  readily  done  thus  ;  fub 
tracl:  the  firft  figure  of  the  logarithm  from  10,  and  fetdown  the  re 
mainder  :  Then  fubtraft  each  of  the  other  figures,  index  and  all, 
from  9,  fetting  down  the  remainders,  and  place  a  dot  before  the 
index,  as  in  the  cafe  of  the  logarithm.  Thus  th«  arithmetical 
complement  (ufually  marked  Co.  Ar.)  of  the  logarithm  9,66004 
is  o?3399^»  and  f°  of  any  other. 

When  the  arithmetical  complement  of  the  firft  term  is  ufed  in 
ftead  of  the  logarithm,  add  all  the  three  numbers  together,  and 
rejeft  10  out  of  the  index  of  their  fum,  as  in  thofe  cafes  where 
the  radius  is  the  firft  *erm, 

PROBLEM 
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PROBLEM  I.  In,  the  oblique  angled  triangle  ABC,  given  two  angles  and 
a  fide  oppofite  to  one  of  them,  tojind  the  two  other  fides. 

Suppofe  the  angle  at  A  36^,  40',  the  angle  at  B,  60°,  51',  and 
the  bafe  AB  85,6  ;  Required  AC  and  BC  ? 

Geometrically.     Draw  the  bafe  AB,  and  from  any  fcale  of  equal 
parts,  lay  thereon  85,6  from  A  to  B  ;  then, 
from  the  line  of  chords,  lay  off  an  angle 
of  s6Q,  40'  at  A,  and  an  angle  of  60°,  51' 
at  B,  and  the  meeting  of  thefe  two  lines 
in  C  completes  the  triangle,  and  AB  and 
BC  may  be  meafured  by  the  fame  lint  of  A. 
equal  parts. 

From  the  fum  of  all  the  angles  iSo^OO' 

Take  the  fum  of  the  angles  A  and  B,  viz.         97°j3i' 

And  we  have  the  angle  C  equal  to      82°,2o/ 

Here  we  have  the  angle  at  C  oppofite  to  the  given  bafe,  and 
the  angles  at  A  and  B  oppofite  the  two  required  fides,  which 
may  be  found  by  the  firft  rule,  as  follows  : 

By  Calculation,  For  the  fide  BC.  Having  to  find  a  fide,  we 
begin  xvith  an  angle. 

As  the  fine  of  the  angle  at  C,      82p,a9'     Co,  Ar.  0,00375 
Is  to  the  fine  of  the  angle  A,     36°, 40'  9>776°9 

So  is  the  bafe  AB  85,6  1»93247 

To  fide  BC  51.55  i,7123' 

For  the  fide  AB. 

As  the  fine  of  C  82°,29'  Co.  Ar.  0,00375 

Is  to  the  fide  of  B         60°. 51'  9,94118 

So  is  AB  85,6  i,93247 

To  AC  /5«4  1?^77/1° 

PROBLEM  II.  and  III.  Two  fides,  and  an  angle  cppofite  to  one  of  them^ 
given,  tojind  the  tzuo  other  angUs  and  remaining  fide. 

In  the  oblique  angled  triangle  ABC,  given  rhc  fide  AC  75.4, 
the  fide  BC  51.56*  and  the  angle  at  A  3^°,  40',  to  find  the  bale 
AB,  and  the  angles  at  B  and  ('. 

Geometrically.     Draw  the  hafc  AB  ;;'  •,  and  on  any  point 

aflfumedj  as  A,  make  an  angle  cf  ^6",^' 
t;ike75,4  from  the  fcale  of  equal  pans 
?nd  fet  it  from  A  to  C  ;  then  t^ke 51.56 
from  the  fame  fcale ;  fet  one  foot  of  the 
dividers  in   C,  and  with  the   ether    i'>- 
terfeft  the  bafe  in  B  ;  laftly,  <ir?\v  I:iC, 
and  the  triangle  is  completed,  a- 
bafe  may  be  meafured  by  the  fame  fc:  1,: 
of  equal  parts. 
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By  Calculation,  Here  we  have  the  fide  BC  oppofite  the  known 
angle  at  A,  and  the  fide  AC  oppofite  the  unknown  angle  at  B, 
which  may  be  found  by  Rule  ift. 

To  find  the  angle  at  B.  Having  to  find  an  angle,  we  begin  with 
a  fide. 

As  BC  51  ,55     Co.  Ar.  8,28778 

Is  to  AC  75  ,4  i,87737 

So  is  the  fine  of  the  angle  A         36^,40' 


To  the  fine  of  the  angle  B  60^5  1'  9,94124 

From  the  fum  of  all  the  angles  i8op,oo' 

Take  the  fum  of  the  angles  A  and  B    97^,01' 

And  we  have  the  angle  C  equal  to        82^,59' 
For  the  baje  AB.  Having  to  find  a  fide,  we  begin  with  an  angle* 
As  the  fine  of  A         36°,  40'         Co.  Ar.  0,22392 
Is  to  the  fine  of  C      82P,29'  9j99^25 

SoisBC  51,55  1,71223 

To  A3  85;6  1,93240 

PROBLEM  IV.  and  V.  Tzuo  fides,  and  the  angle  included  between  thsm 
at  A,  given,  to  find  the  two  other  angles  and  the  other  fide, 

In  the  oblique  angled  triangle  ABC,  given  the  fide  AC  75,4, 
the  bafe  AB  85,6,  and  the  included  angle  at  A  3^P;4O/,  to  find 
the  angles  B  and  C,  and  the  fide  BC. 

Geometrically.     Draw  the  bafe  AB,  and,  from  any  fcale  of  equal 
parts,  fet  off  85,6  from  A  to  B  ;  make  an 
angle  at  A  of  36°,  40',  and  draw  AC,  and 
from  the  farce  fcale  cf  equal  parts,  fet 
75,4  flora  A  to  C  ;  laflly,  draw  the  line 
BC,  and  the  triangle  is  completed  :  BC 
may   be  m'eafured  by  the  fame  fcale  of- 
equal  parts,  and  the  angles  B  and  C,  on 
the  line  of  chords. 

By  Caku'latiGK.  Here  we  have  given  the  two  fides  A.B  and 
AC,  with  the  angle  included  between  them  ;  and  therefore  thefe 
cafes  rriufi  be  folved  by  Rules  sd  and  ift.  Now,  as  the  three 
angles  of  every  triangle  are  equal  to  t8oQ,the  angle  at  A  S^-^o' 
being  fubtrr.£ted  from  1  80°  leaves  143°,  20',  the  fum  of  the  two  un- 
known  angles  B  and  C,  half  of  which  is  7^.4°'  '>  and  half  their 
difference  may  be  found  by  the  following  proportion,  according 
to  Rule  2. 

As  the  fum  of  the  two  fides  AB  and  AC  161   Co.  Ar,  7,79318 

Is  to  their  difference  10.2  a;co86o 

So   is   the  tangent  of  half   the  fum  of  V    p  -. 

the  unknown  angles  ii  and  C  J.7f  >4°  *°.47$f*9 

To  the  u-rent  cf  half  their  difference 
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To  the.  half  fum  7  i°,4o"  YFrom  the  half  fum  71^,40' 

Add  the  half  difference          10,49    I  Take  the  half  diff.   iO0,49' 

r 


Having  found  the  angles  B  and  C,  the  fide  BC  may  be  found 
by  Rule  i. 

As  the  fine  of  C       82^,29'     Co.  Ar,  0,00375 
Is  to  the  fine  of  A  36°,  40'  9,94118 

SoisAB  85.6  1.03247 

ToBC  '51,5s  i58774° 

PROBLEM  VI.  The  three  fides  given,  to  find  the  angles. 

In  the  oblique  angled  triangle  ABC,  given  the  bafe  AB  85,6, 
the  fide  AC  75,4,  and  the  fide  BC  51,56  ;  Required  the  angles? 

Geometrically.  Draw  the  bafe  AB,  and  fet  off  85,6  from  any 
fcale  of  equal  parts  from  A  to  B  ;  take 
75,4  from  the  fame  fcale,  and  fetting  one 
foot  in  A,  defcribe  an  arch  ;  then  from 
the  fcale  take  51,56,  and,  fetting  one  foot 
in  B,  interfeft  the  former  arch  in  C  ; 
from  C  draw  lines  to  A  and  B,  and  the 
triangle  is  completed.  The  angles  may 
all  be  meafured  upon  the  line  of  chords. 

By  Calculation.  Here  being  no  angle  given,  thefe  cafes  muft  be 
folved  by  Rule  3d,  in  the  following  manner  :  Place  one  foot  of 
the  dividers  in  C,  and  extend  the  other  fo  as  to  take  in  the  fhort- 
eft  fide  BC,  and  defcribe  the  arch  BE  ;  then,  from  C  let  fall  a 
perpendicular  on  the  bafe  AB,  which  will  divide  it  into  two 
fegments  AD  the  greater,  and  DB  the  lefs,  whofe  difference  is 
AE  :  Then, 

As  the  bafe  AB  85,6  —Co.  Ar.  8,06753 

Istothefumof  the  two  fides  AC  and  BC  126,96       —  —      2,10366 
So  is  the  difference  of  the  fides  AC&BC    23,84 
To  the  difference  of  the  fegments  "1  g 

of  the  bafe,  or  AE     —  .     —        / 
Half  the  difference  of  the  fegments  is      17,68 
To  half  the  bafe  42,8    ")  From  half  the  bafe 

Add  half  the  difference     17,68  j-Take  the  half  difference  17,68 
And   the   fum  is   the!    --  J  And  the  remainder  is"! 

greater  fegment  AD  )     60,48         the  lefs  fegment  DB  J        ** 

Thus  is  the  oblique  angled  triangle  ABC  divided  into  two 
right  angled  triangles  ADC  and  BDC,  both  right  angled  at  D, 
in  each  of  which  are  given  the  bale  and  hypothenufe,  to  find  the 
other  parts. 

Firft,  For  the  angle  at  C  in  the  right  angled  triangle  ADC, 
making  the  hypothenufe  radius. 

As 
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As  AC  75,4  Co.  Ar.  8,12263 

Is  to  AD  60,48  1,78161 

So  is  radius  9o°3oo'  10, 

To  the  fine  of  C       53gj2o'  9^90424 

The  angle  A,  being  the  complement  of  the  angle  C,  is  36?,4Q'. 
Then  for  the  angle  C  in  the  right  angled  triangle  BDC* 

AsBC  51,56         Co.  Af.  8,28778 

Is  to  BD  25,12  1,40002 

So  is  radius  9O°,oo'  10, 

To  the  fine  of  C        29°,O9>  9,68780 

Whence  the  angle  A  is  60°, 51',  being  the  complement  of 
29°, 09'  ;  and  the  angle  at  C,  in  one  triangle,  being  added  to  the 
angle  C  in  the  other,  is  82^29'  J  thus  the  folution  of  the  prob 
lem  is  fiaifhed. 

Trigonometry  is  eafily  applied  to  Navigation,  and  the  Menfii- 
ration  of  Heights  and  Diftances.  With  refpecl  to  the  former  ; 
fuppofe  in  the  firft  Problem  of  right  angled  Trigonometry,  the 
angle  at  A  is  the  fhip's  courfe,  the  bafeto  be  the  true,  (or  merid 
ional,)  difference  of  latitude,  the  perpendicular  to  be  the  depart 
ure,  or  difference  of  longitude,  and  the  hypothenufe  to  be  the 
diftance  the  fhip  is  to  run  ;  thc-n  we  nave  iht;  courfe  ard  true 
(or  meridional)  difference  of  latitude  given,  to  find  the  dif 
tance,  and  departure  from  the  meridian,  (or  difference  of  longi 
tude.) 

In  Problem  zd,  we  have  the  courfe  and  diftance  given,  fo  find 
the  true  (or  meridional)  difference  of  latitude,  and  the  depart 
ure,  (or  difference  of  longitude.) 

With  refpeft  to  heights  and  diftances  ;  If  we  fuppofe,  in  the 
firft  Problem  before  mentioned,  the  angle  at  A  to  be  the  angle 
which  the  top  of  any  din1  ant  objeft  makes  with  the  furface  of 
the  earth,  where  we  ftand — -the  bafe  to  be  the  diftance  of  the  ob- 
jeft,  (on  level  ground,)  and  the  perpendicular,  the  objecVs  height ; 
then  we  have  the  angle  A,  and  the  diftance  AB,  to  find  the 
height  BC  ;  but  this  will  ferve  only  on  level  ground,  and  where 
the  objeci  is  acceflible* 

The  diftance  of  any  inacctJibU  ohjeft  may  be  found  by  Prob 
lem  xft,  of  oblique  Trigonometry  •'  «  or,  if  we  fuppofe  the  ohje6t 
at  C,  then,  at  two  ftations.  as  at  A  and  B,  take  the  bearing  of  the 
place  ;  alfo  meafure  the  ftationafy  diftance  AB,  and  you  will 
then  have  two  angles  and  a  fide  oppofite  to  one  of  them,  to  find 
cither  of  the  other  fides, 

H  k  h  To 
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T§  take  the  height  of  an  Objeft  Jlanding  on  a  hill,  which  is  inacce/ible* 

C 


At  two  ftations,  as  at  A  and  B,  take  the  angles,  viz.  CAE  and 
CBE,  which  the  top  of  the  object  makes  with  an  horizontal  line, 
and  that,  which  the  bottom  of  the  object  makes  with  the  firft 
ftation,  at  A,  viz.  DAE,  then  take  DAE  from  CAE,  and  the 
remainder  is  CAD. 

Note,  When  an  angle  is  expreffed  by  three  letters,  the  middle 
one  fhews  the  angle.  Now,  fuppofe  the  (tationary  diftance  AB 
120,  the  angle  ACB  12°,  and  angle  CBA  122°,  then  by  Problem 
ift,  of  oblique  Trigonometry,  we  have  two  angles  and  a  fide  op- 
polite  to  one  of  them  given,  to  find  the  fide  AC.  Therefore, 

Co.  Ar. 

As  S.  of  ACB  120,00'  —  0.68213 

Is  to  S.  of  CBA  122,00'  —  9,92842 

So  is  ftationary  diftance         120   —  2,07918 

To  fide  AC  489,5    —2,68973 

Note,  I  fubtrafted  122°  from  180°,  and  worked  with  the  re 
mainder,  and  in  the  following,  114°  from  180°.  Now,  having 
found  AC  489,5,  fuppofe  the  angle  CD  A  114°,  and  the  angle 
CAD  22°,  and  we  have  two  angles  and  a  fide  oppofite  to  one  of 
them,  as  before,  to  find  the  perpendicular  height  of  the  object 
CD.  Therefore, 

As 
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'  deg.  min.  degf         Co.  Ar. 

As  S.  of  CDA         114,00  Co.  Ar.  0,03927  -\  As  S.  of  CDA      114    —  0,03927 
Is  to  S.  of  CAD       22,00  9,57358  I  It  to  S.  of  ACD    44    —  9,84177 

So  is  fide  AC  489,5  2,68973  j> So  is  fide  AC      489,5  —  2,68975 

To  perpend. hht.  CD  200,7  3,30258  J  To  fide  AD        372,2  —  2,47077 

To  find  the  height  of  the  mountain  and  objeft  together  ;  we 
have  the  right  angled  triangle  ACE,  in  which  are  given  the  hy- 
pothenufe  AC  489,5,  angle  CAE  46°,  and  the  angle  ACE  44°, 
whence,  by  Problem  2d,  of  right  angled  Trigonometry,  we  have 
thefe  proportions. 

As  radius  90'  10,00000")  As  radius          90° — io,ooOco 

IstoS.  of  CAE      46*     9,85693  I  Is  to  S.  of  ACE  44°—  9,84177 
Soishypoth.AC489,5     2,68973  VSo  is  AC         489,5 —  2,68973 

To perp. hht. CE  252,1     2,54666jToAE  340   --2,53150 

If  you  fubtraft  CD  from  CE,  you  will  have  the  height  of  the 
hill  151,4. 

Any  figure  in  Navigation,  or  Menfuration  of  Heights  and  Dif- 
tances,  may  be  meafured  Geometrically,  as  directed  in  the  afore 
going  Problems  of  Trigonometry. 

MENSURATION  of  SUPERFICIES  and  SOLIDS. 

SECTION  i.     ^SUPERFICIES. 

Superficies,  or  furfaces,  are  meafured  by  the  fuperficial  inch, 
foot,  yard,  &c.  according  to  the  meafures  peculiar  to  different 
artifts. 

The  fuperficial  inch,  foot,  &c.  is  one  inch,  foot,  &c.  in  length 
and  breadth  ;  and,  becaufe  12  inches  make  i  foot  of  Long  Meat- 
ure,  therefore,  i2Xle  ~  *44  inches  make  i  fuperficial  foot, 
3X3=9feet>  a  yard,  &c. 

The  fuperficial  content  of  every  furface  is  found  by  the  prop 
er  rule  of  its  figure,  whether  fquare,  triangle,  polygon,  or  circle. 

ARTICLE  i.  To  meafurc  a  Square,  having  equ&l  fides. 

RULB. — Multiply  the  fide  of  the  fquare  into  itfelf,  and  the 
produft  will  be  the  area  or  fuperficial  content,  of  the  fame  name 
with  the  denomination  taken,  either  in  inches,  feet,  or  yards, 
refpe&ively. 

Let  ABCD  reprefent  a  fquare,  whofe  fide  is      i 
12  feet.     Multiply  the  fide  12  by  itfelf,  thus, 
12  inches.  12  feet. 

12  inches.  12  feet. 

Area  zr  144  inches.  144  feet. 
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By  the  Sliding  Rule.  ' 

Set  i  to  the  length  on  B,  then,  find  the  breadth  on  A,  and  op- 
poiite  to  this  on  3,  you  will  have  the  content. 

By  Gunter's  Scale. 

Extend  the  dividers  from  i,  on  the  line  of  numbers,  to  the 
length  ;  that  diftance,  laid  the  fame  way  from  the  breadth,  will 
point  out  the  anfwer. 

ART.  2,   To  meafure  a  Parallelogram,  or  long  Square. 

RULE. — Multiply  the  length  by  the  breadth,  and  the  produ& 
will  be  the  area,  or  fuperficial  content. 

Let  ABCD  reprefent  a  parallelogram, 
whofe  length  is  16  feet,  and  breadth,  12 
fee!:.     Multiply  16  by  12. 
Length    16 
Breadth   12 


192  area. 

The  content  of  this  figure  is  found  on  the  Hiding  rule  and 
fcale,  as  the  former. 

ART.  3.    When  the  breadth  of  a  Superficies  is  given,  to  Jind  kozo  much 
in  length  will  make  afquarefoot,  yard,  &c. 

RULE.— As  the  breadth  is  to  a  foot,  yard,  &c.  fo  is  a  foot, 
yard,  &c.  to  the  length  required  to  make  a  foot,  yard,  &c.  Or, 
divide  144  by  the  breadth,  and  the  quotient  will  be  the  length 
required. 

How  much,  in  length,  of  a  board  2f  feet  wide,  will  make  a 
fcjuare  foot  ? 

In.  br.  In.  leng.    In.  br.  In.  leng, 
As  30     :     12     ::     12     :     4,8 

12 

30)144(4,8  inches,  length  required. 
120 

240 

240  In. 

Breadth  rr:  30)144(4,8  inches,  Anf. 

ART.  4.  To  meajure  a  Rhombus. 

Definition.  A  rhombus  is  a  figure  with  four  equal  fides,  in  the 
form  of  a  diamond  on  cards,  having  two  angles  greater,  and  two 
lefs,  than  the  angles  of  a  fquare  :  The  former  are  called  obtuje, 
*rigl«s?  and  the  latter,  acute,  or  fharp?  angles, 

RULE. 
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.— Multiply  the  fide  by  the  length  of  a  perpendicular  let 
fall  from  one  of  the  obtufe  angles  to  the  fide  oppofite  fuch  angle. 

Let  ABCD  reprefent  a  rhombus, 
each  of  whofe  fides  is  15  feet  :  A  A^ 
perpendicular  let  fall  from  the  ob 
tufe  angle,  at  B,  on  the  fide  DC,  will 
interfeft  it  in  the  point  E,  fo  xvill 
BE  be  12  feet  ;  and  this  being  mul 
tiplied  into  the  given  iide,  the  prod 
uct  will  be  the  area  of  the  rhombus. 


Side  =r  1  6  £y  the  Sliding  Rule. 

Perp.  =  12  Set  t  on  A  to  the  length  on  B  ;  find  the 

perpendicular  height  on  A.  againft  \vhich 
192  area.         £n  g  ig  the 


By  Gunter. 

The  extent  from  i  to  thTe  perpendicular  height  will  reach  from 
the  length  to  the  content. 

ART.  5.   Tojind  the  Area  of  a  Rhomboides. 

Definition.  A  rhomboides  is  a  figure  whofe  oppofite  fides  and 
oppofite  angles  are  equal. 

RULE.  —  Multiply  one  of  the  longe.ft  fides  by  the  perpendicular 
let'fall  from  one  of  the  obtufe  angles  on  one  of  the  longeft  fides. 

Let   ABCD     reprefent   a   rhom- 

boides  ;    the  longeft  fides  AB  and 

CD  being   16,5  feet,  and  the  per 

pendicular  AE,  9,7  feet. 

Side  =  16,5 

Perp.        9,7 

—  The  content  is  found  on  the 

Hiding  rule,  and  fcale,  as  in  the 
laft  figure. 

Anf.  160,05  feet. 

•    ART.  6.  To  meajure  a  Triangle, 

RULE.—  -If  it  be  a  right  angled  triangle,  multiply  the  bafe  by 
half  the  perpendicular,  or  half  the  bafe  by  the  perpendicular,  and 
the  produa  will  be  the  area  :  But,  if  it  be  an  oblique  angled  tri 
angle  (whether  obtufe,  or  acute)  multiply  half  the  bafe  by  the 
length  of  the  perpendicular  let  fall  on  the  bafe  from  the  angle 
oppofite  to  it,  and  the  produa  will  be  the  area.  The  longoft 
Iide  of  a,  triangle  is  ufually  called  the  bafe,  except  in  a  right  an 

gled 


430 
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gled  triangle,  where  the  longeft  of  the  two  legs,  which  include 
the  right  angle,  is  called  the  bafe. 

In  the  right  angled  triangle  ABC  right 
angled  at  C  ;  the   bafe  AC  is  18,8  feet, 
and  the  perpendicular  BC  zz  12,6. 
Bafe  zz  18,8         Or9  Perp.  zz  12,6 
Perp.  zz    6,3  f  Bafe  zz    9,4 


564 
1128 

118,44  area. 
The    oblique    angled 


118,44  area. 


triangle 

ABC  being  given,  let  fall  a  per 
pendicular  from  the  angle  at  B  on 
the  bafe  AC,  and  that  perpendic 
ular  is  the  height  of  the  triangle. 
The  bafe  AC  being  15,6,  and  the 
perpendicular  BD  zz  9,  to  find 
the  area. 

7,8  —  half  the  bafe. 
9  zz  height  of  the  triangle. 

70,2  zz  area. 

By  the  Sliding  Rule. 

Set  i  on  A  to  the  length  of  the  bafe  on  B,  and  oppofite  to  half 
the  length  of  the  perpendicular,  on  A,  you  will  have  the  con 
tent  on  B. 

By  Gunter. 

The  extent  from  i  to  half  the  length  of  the  perpendicular  will 
reach  from  the  length  of  the  bafe  to  the  content. 

In  this  place  it  may  be  proper  to  inftruft  the  learner  in  one  of 
the  properties  of  a  right  angled  triangle  :  viz.  That  the  fquare 
of  the  longeft  fide  of  a  right  angled  triangle,  ufually  called  the 
hypothenufe,  is  equal  to  the  fum  of  the  fquares  of  the  two  other 
fides,  ufually  called  the  legs,  which  is  of  great  ufe,  for,  by  this 
mean,  any  two  fides  of  a  right  angled  triangle  being  given,  the 
other  may  be  found  by  common  Arithmetic.  Thus,  in  the  right 
angled  triangle  ABC,  the  bafe  AC  and  perpendicular  BC  being 
.given,  the  hypothenufe  AB  may  be  found  by  extracting  the 
fquare  root  of  the  fum  of  the  fquares  of  the  bafe  and  perpendic 
ular. 

Bafe 
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Bafe  18,8  Perp.  12,6  353544  zz  fquare  of  the  bafe. 

12,6  158,76  zz  fquareof  the  perp. 


512,20(22,63  hypothenufe. 
4 


353>44 

84 

446)2820 
2676 

4523)144°° 


831 

.  And,  if  the  hypothentife  and  one  of  the  legs  be  given,  the  oth 
er  may  be  found  by  fubtra&ing  the  fquare  of  the  given  leg  from 
the  fquare  of  the  hypothenufe. 

There  are  fome  numbers,  the  fum  of  wh©fe  fquares  make  a  per- 
fe£l  fquare,  of  which  fort  are  3  and  4,  whofe  fquares,  being  add 
ed  together,  make  25,  which  is  the  fquare  of  5  :  Therefore,  if 
the  bafe  of  a  triangle  be  4,  and  the  perpendicular  3,  the  hypoth 
enufe  will  be  5  ;  and  if  any  of  thefe  numbers  be  multiplied  by 
any  other  number,  thofe  produces  will  be  the  fides  of  right  an 
gled  triangles,  as  6,  8,  10,  and  15,  20,  25,  &c.  Thus,  artificers, 
when  they  fet  off  the  corner  of  a  building,  ufually  meafure  6  feet 
on  one  fide,  and  8  feet  011  the  other,  then  laying  a  ten  feet  pole 
acrofs,  it  makes  the  corner  a  true  right  angle. 

ART.  7.  There  is  another  method  of  Jinding  the  ana  of  triangles,  the 
three  fides  being  given. 

RULE.  —  Add  the  three  fides  together,  then  take  the  half  of 
that  fum,  and  out  of  it  fubtraft  each  fide  feverally  ;  multiply  the 
half  of  the  fum  and  thefe  remainders  continually,  and  the  fquare 
root  of  this  product  will  be  the  area  of  the  triangle. 

In  the  oblique  triangle  ABC,  the  bale  AC  is  given  15,6,  the 
fide  AB  is  iOj4,  and  the  fide  BC  is  9,2,  to  find  the  area. 

15,6  17,6         17,6         17,6 

10,4  —  15,6     —10,4     —  9>a  tt 

g>2  -        -  --- 


17,6  zz  half  the  fum. 

1-7,6 
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*7>6  .... 

2  2128,8960(46,139  ~ 

16 

86)528 
516 

921)1289 
921 

9263)36860 
27669 

101376  

202752  92269)919100 

830421 


2128,896 

88679 

ART.  8.   To  meafure  a  Trapezium. 

Definition.  A  trapezium  is  an  irregular  figure  of  four  unequal 
fides,  and  unequal  angles. 

RULE. — Draw  a  diagonal  line  from  one  of  the  angles  to  the 
oppofite  angle,  as  AC,  and  then  will  the  trapezium  be  divided 
into  two  triangles,  of  which  the  diagonal  is  the  common  bafe  : 
Then  letting  fall  perpendiculars  from  the  other  oppofite  angles 
on  the  diagonal,  add  thofe  perpendiculars  together,  and  multiply 
half  that  fum  into  the  diagonal,  or  half  of  the  diagonal  into  the 
fum  of  the  perpendiculars,  and  that  product  will  be  the  area  of 
the  trapezium. 

In  the  trapezium  AB CD, the 
diagonal  AC  is  24,  the  perpen 
dicular  DE  6,  and  the  perpen 
dicular  BF  10.  The  fum  of  the 
perpendiculars  is  i6,whofehalf 
is  8,  which  being  multiplied 
into  24,  will  give  the  area. 
24 
8 

192  ~  area, 

By  the  Sliding  Rult. 

Set  i  on  A  to  f  the  fum  of  the  perpendiculars  on  B,  and 
file  the  length  of  the  diagonal  on  A,  you  will  have  the  area  on  B. 

By  Gunter. 

The  extent  from  i  to  -|  the  fum  of  the  perpendiculars  will 
reach  from  the  length  of  the  diagonal  to  the  area. 


AND 


SOLIDS, 
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ART.  Q.   To  meajursany  irregular  Figure. 

RULE.—  iDivide"the  figure  into  triangles,  by  drawing  diagonals 
from  one  angle  to  another;  then  meafure  all  the  triangles  by 
either  of  the  rules,  already  taught,  a  Article  6  or  7,  and  tne  fum 
of  the  feveral  areas  of  all  the  triangles  will  be  the  area  c 
given  figure. 


The  irregular  figure  ABCDEF 
being  given,  divide  it  into  trian 
gles  by  the  diagonals  FB,  EB,  and 
JDB  :  Then  may  the  triangles  be 
Kieafured  by  letting  fall  perpen 
diculars  on  their  refpeftive  bafes, 
as  B#,  B£,  DC,  ¥d,  and  multiply 
ing  thofe  perpendiculars  by  half 
their  refpeftive  bafes. 


In  the  triangle  AFB  the  bafe  FA  is  100,  and  the  perpendicu 
lar  Ea  49  ;  in  the  triangle  FBE  the  bafe  BE  is  92,  and  the  per 
pendicular  Fd$3  ;  in  the  triangle  EBD,  the  bafe  BE  is  the  fame 
as  before,  and  the  perpendicular  DC  44  ;  and  in  the  triangle 
DCB,  the  bafe  DC  is  80,  and  the  perpendicular  B£  38 ;  by  which 
the  area  of  each  may  be  found  by  Art.  6,  as  follows. 


50  z±  half  AF. 
,  49  zz:  perp.  aB. 

2450  zz  area  of  AFB. 

46  — half  BE. 
44  zz:  perp.  DC. 


46  —  half  BE. 
52  zz:  perp.  ¥d. 


230 


2392  ==  area  of  FBE. 

38  rz  perp.  B^, 
40  zz  half  DC. 


2450 
2024 
2392 
1520 

8386  zz:  area  of  the 
figure  ABCDEF. 


2024  zr  area  of  EBD.       1520  zz:  area  of  DCB. 

In  dividing  any  irregular  figure  into  triangles,  the  triangles 
will  be  leCs,  by  two,  and  the  diagonals  lefs  by  three,  than  the 
number  of  the  fides  of  the  figure. 

ART.  10.  To  meafure  <*  Traptzcid. 

Definition.  A  trapezoid  is  the  fegtnent  of  a  triangle,  cut  by  a 
line  parallel  to  the  bafe. 

RULE. — Add  the  parallel  fides  together^  and  multiply  half 
that  fum  by  the  perpendicular  breadth, 

I  i  i  la 
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In  the  trapczoid     24  rz  AD 
ABCP,    the    fide     16  =  EC 
AD  is  24,  the  fide     — 
BC  is  1 6,  and  the     40  zz  fum. 
perpendic, breadth     — 
Ba  is  10,  to  find  the     so  —  ffum, 
area  by  adding  the     10  zz  B#. 

fides  BC  and  AD 

and      multiplying  200  m  area, 
half  their  fum  by  the  perpendicular  breadth  Ba. 
By  the  Sliding  Rule. 

Set  i  on  A  to  the  equated  length  on  B,  and  againfl  the  breadth 
on  A  you  will  have  the  area  on  B. 

By  Gunter. 

The  extent  from  i  to  the  breadth  will  reach  from  the  equat 
ed  length  to  the  area. 

ART.  11.  To  mtafure  any  regular  Polygon. 

Definition.  A  regular  polygon  is  a  figure  whofe  (ides  and  an 
gles  are  all  equal  ;  they  are  uiually  denominated  from  the  num 
ber  of  their  fides  : 


Thus,  A  figure  having^     £  )• 


Trigon. 
Tetragon, 
Pentagon. 
Hexagon, 
fides  and  i  Heptagon, 


9  Enneagon. 

10  Decagon. 

11  Endecagon. 
i2j                               [^Dodecagon. 

RULE. — Multiply  the  length  of  one  of  the  fides  by  the  num 
ber  of  fides  ;  then  this  produft  by  the  half  of  a  perpendicular 
let  fall  from  the  centre  of  the  figure  to  the  middle  of  one  of  the 
fides,  and  the  produft  will  be  the  area  of  the  polygon. 

In  the  pentagon  ABCDE,  each  fide  is  95, 
and  the   perpendicular  FG   65,36,  to  find 
the  area.         95  r=  length  of  a  fide. 
5  m  number  of  fides. 

475  —  fum  of  the  fides. 
32,68  • —  half  of  the  perpendic. 


area  of  the  pentagon. 


£y 
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By  the  Sliding  Rule. 

Set  i  on  A  to  |  the  perpendicular  on  B,  and  againft  the  fum 
of  the  fides  on  A  you  will  have  the  area  on  B. 

By  Gunter. 

The  extent,  from  i  to  \  the  length  of  the  perpendicular,  will 
reach  from  the  1'ura  of  the  fides  to  the  content. 

But,  for  the  more  ready  meafuring  regular  polygons,  the  fol 
lowing  Table,  containing  multipliers  for  all  regular  figures  from, 
the  Triangle  to  the  Dodecagon,  will  be  of  ufe  to  the  learner. 


Number 
of  fides. 

Names. 

Multipliers. 

Number 
offides. 

Names, 

Multipliers. 

3 
4 

1 

7 

Trigon. 
Tetragon. 
Pentagon. 
Hexagon. 
Heptagon. 

,433°i3 
i, 
1,720477 
2,589076 
3,633959 

8 
9 

10 

11 

12 

Octagon. 
Enneagon. 
Decagon. 
Endecagon. 
Dodecagon. 

4,828427 
6,181827 
7,694209 
8,51425 
9,330125 

If  the  fquareof  the  fide  of  a  polygon  be  multiplied  by  the  multi 
plier  of  the  like  figure,  the  product  will  be  the  area  of  the  figure 
fought. 

To  mtafurt  a  Circle  and  its  Parts. 

In  the  annexed  circle  ABCD,  the 
arch  line  ABCD  is  called  the  pe 
riphery,  the  length  of  which  is  call* 
ed  the  circumference  :  Any  line,  as 
DB  or  AC,  pafling  through  the  cen 
tre  E,  cuts  the  circle  into  two  equal 
parts,  called  Jemidrcles,  or  half  cir 
cles  ;  and  fuch  lines  are  called  di 
ameters  of  the  circle  :  If  two  diam 
eters  be  drawn  through  a  circle,  at 
right  angles  to  each  other,  then,  the 
four  equal  divifions  of  the  circle  are  called  quadrants  :  Half  the 
diameter,  as  EB,  is  called  the  radius,  or  femidiameter. 

ART.  i2.The  Diameter  of  a  Circle  bring giyen,  tofaidthe  Circumference.* 

RULE. — This  may  be  done  by  either  of  the  following  propor 
tions  in  wly>le  numbers,  as  7  is  to  22,  or  more  exactly,  as  113  is 


to 


*  Note  i.   If  the  diameter  of  any  circle 

C  multiplied  ?  .     <  3,1+159  >  the  produft  C  .     h    circumference. 
2  divided       >        C    >31^3i  >  £^e  quotient  £ 


If  the  diameter  of  any  circle 

:  produft  <  .     h    f  d  .    f  j  fq 

j  nuotvent  {  11 


by  5   »88£a27  I 
7  C  *  »lz8379  ) 
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to  355  5  or  *n  decimals,  as  i  is  to  3.14159  ;  fo  is  the  diameter  of 
a  circle  to  the  circumference. — EXAMT.  A  circle  whofe  diame 
ter  is  12,  to  find  the  circumference. 

As 

3.  If  frhe  diameter  of  any  circle 

,     <  multiplied  >  ,     <  ,856o?.4  >  the  product  <  is  the  fide  of  the  equilateral 
C  (  divided       $    ^  {  »J  547      i  the  quotient  ^  triangle  infcribed. 

4.  If  the  diameter  of  any  circle 

,     C  mulliplied  >  ,   j  <    ,7070)6  £  the  produft   <  is  the  fide  of  the  fquare 
e  ^  divided       )     '  \  1,414213  *>  the  quotient  (  infcribed, 

,5.  If  the  fquare  of  the  diameter  of  any  circle 
,     f  Tnultiolied  )  ,      C    ,7853^8  I  the  produft  C  .     . 
**  I  divided       {  b?  \  $$ii  I  the  quotient  \  IS  the  area- 

6.  If  the  circumference  of  any  circle 
,     C  multiplied  )  ,      (    .q 1 8^1  ?  the  product  C.     ,      ,. 

be  I  dMcd      J  ^  \  3,T4i  59  J  the  quotient  ^  1S  the  diameter* 

7.  If  the  circumference  of  any  circle 

,      $  multiplied  >,      <    ,282094  >  the  produft   (  is  the  fide  of  the 
>C  (f  divided       >    ^  ^  3>5449°7  S  tnc  quotient  {  fquare  equal. 

8.  If  the  circumference  of  any  circle 

,     <  multiplied  >  ,     f    ,2756646  ?  the  produft  C  is  the  fide  of  the  equilateral 
j>  divided       >    ^  I  3>^275939  >  tne  quotient  ^  triangle  infcribed. 

g.  If  the  circumference  of  any  circle 

,     <  mu^i  plied  )  ,      {    ,225079  )  the  producl;  t  is  the  fide  of  the 
(  divided       S    ^  (  4)442877  )  the  quotient  ^  fquare  infcribed. 

10.  If  the  fquare  of  the  circumference  of  any  circle 
,<  multiplied  7hr      ,079577515  7  the  product  i":sthear_a 
be^dw;ded      i  bY  112,5663621 7    1  the  quotient  11S 

11.  If  the  area  of  any  circle 

7  multiplied  7  ,     J  1,273241  T  the  product  c  is  the  fquare  o£ 
)C  |  divided      i   ^  I    >785398  3  the  quotient  J  the  diameter. 

12.  If  the  area  of  any  circle 

,    1  multiplied?,     f  12,56636217    Tthe  producl  fis  the  fquare  of  the 
3  divided       i    '1      ,079577525  5  the  quotient  1  circumference. 

i^j.  When  the  diameter  of  one  circle  is  i,  and  the  diameter  of  another  is  2,  th« 
circumference  of  the  firft  is  equal  to  the  area  of  the  fecond,  =  3,141592. 

14.  If  thft  circumference  be  4^  the  diameter  and  area  are  equal,  zzz  1,273241. 

15.  If  the  diameter  be  4,   the  circumference  and  area  are  equal,  =r  12,566368. 
Hence,  oecaufe  circles  are  the  mofi  capacious  of  all  figures,  if the  fourth  part  of  a 

circle  \itjqufiredt  it  will  not  be  equal  to  the  area  of  that  circle  (as  is  commonly  fup- 
pofed)  although  the  four  fides  added  together  are  equal  to  the  circumference  of  that 
circle. 

In  a  circle,  whofe  diameter  is  24,  circumference  7  5,4,  and  area  452^4,  tine  fourth 
part  of  the  circumference  is  18,85,  tne  fquare  of  which  is  only  355»3a25,  that  is 
97,0775  lefs  than  the  truth;  and  the  larger  the  circle  is,  the  greater  will  the  error  be. 

For  further  proof  of  this  matter  ;  If  a  cylindrical  pint,  beer  meafure,  whofe  con 
tent  is  35,25  cubic  inches,  be  beaten  into  a  perfectly  fquare  form,  it  will  contain  on- 
Jy  2.8,902  cubic  inches,  which  is  lefs  than  the  truth  by  6,3484-4-  ",  the  area  of  the 
circle  is  8,761-5859288,  and  the  area  of  the  fquare  only  6, 8^13320653076624. 

Hence  appears  the  reafon,  why  taking  i\i?  fourth  patt  of  the  girth  in  meafuriog  a 
cylinder  ^or  a  round  ftick  of  timber)  is  falfe. 

16.  If  the  diameter  of  one  circle  be  double  tothat  of  another,  the  area  of  the  firit 
circle  will  fee  four  tixes  the  area  of  the  fccoad. 
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As  7:  22::  12          As  113  :  355  ::  12          As  i  :  3,14159  ::  12 


S7>99  cr-          3 
21  cumference.  /          339 

54  V  87° 

49  791 

5o   ;  790 

49  67® 

1O  112O 

7  1017 

3  *03 

Note,  3,14159  may  be  contracted  to  3,1416  without  any  fenfi- 

ble  difference. 

AR  T.  1  3,  The  Circumference  of  a  Circle  being  given,  tojind  the  Diameter. 

RULE.  —  As  22  is  to  7  ;  or  355  to  113  ;  or  as  i  to  ,31831,  So  is 
the  circumference  of  a  circle  to  the  diameter. 

EXAM  p.  The  circumference  of  a  circle  being  326,  to  find  the 
diameter. 

As  22  17::  326  355:  113  ::326  i  :  ,31831  ::  326 

7  326  326 


190986 

22  eter.  >  226  63662 

339  95493 

ft  -  ^m,TTJ  .1TJ-J 

66  355)36838(103,76  diameter.        103,76906  r=  diam. 

-  —  355  This  proportion  is  the 
j6o                                                                   moft  accurate. 

154  *338 

-  1065 
60                          -- 

44  273° 

2485 

16  - 

245 

ART.  14.  Tojind  the  Area  of  a  Circle. 

RULE.—  Multiply  half  the  diameter  by  half  the  circumference, 
«nd  the  produft  is  the  area. 

If  the  diameter  be  given,  find  the  circumference  by  Art.  12. 
If  the  circumference  be  givens  find  the  diameter  by  Art.  13. 
EXJAMP.  A  circle,  whofe  diameter  is  12,  and  circumference  is 
37,7,  given,  to  find  the  area  ? 

18,85  —  half  the  circumference. 

6  nr  half  the  diameter. 
113,1  zz  area  of  the  given  circle. 

ART. 
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ART.  15.  The  Diameter  being  given,  tojind  the  Area  of  a  Circle  with* 
out  finding  the  Circumference, 

RULE. — Multiply  the  fquare  of  the  diameter  by  ,7854,  and  the 

produft  will  be  the  area  of  the  circle,  whole  diameter  was  given. 

Ex  AM  P.  The  diameter  of  a  circle  being  12,  to  find  the  area  ? 

s7854 
12X12—     144  < 


113>°976  = 

By  the  Sliding  Rule. 

Set  1  on  A  to  the  diameter  on  B,  then  find  ,7854  (which  ex- 
prefles  the  area  of  a  circle  whofe  diameter  is  i)  on  A,  againft 
•which  on  B  is  a  4th  number,  then  fin'd  this  4th  number  on  A, 
againfl  which  on  B  is  the  area. 

By  Gunter. 

The  extent  from  i  to  the  length  of  the  diameter  reaches  from 
57854  to  a  4th  number,  and  from  that  4th  number  to  the  area. 

ART.  16.  The  Circumference  of  a  Circle  being  given,  tojind  the  Area^ 
zuithout  Jinding  the  Diameter. 

RULE. — Multiply  the  fquare  of  the  circumference  by  ,07958, 
and  the  produft  will  be  the  area  of  tS  -cle. 

EXAMP.  The  circumference  of  a  circie  being  37, 7,  to  find  the 
area  ?  1421,29 

37.7  >°7S  58 

37>7 

1137032 

710645 
1279161 

991S03 
1421,29  zz  fquare.          113,106^582  zr  area  of  the  circle. 

ART.  17.  The  Dimenfions  of  any  of  the  parts  oj  a  Circle  being  given, 
tojind  the  fide  of  a  Square  equal  to  the  Circle. 

RULE. — If  the  area  of  the  circle  be  given,  extract  the  fquare 
root  of  the  area,  which  will  be  the  fide  of  a  fquare  equal  to  the 
circle  :  If  the  diameter  or  circumference  be  given,  find  the  area 
by  Art.  15  or  16,  and  then  extract  the  fquare  root,  as  before. 
And  this  is  a  general  rule  to  find  the  fide  of  a  fquare  equal  to  any 
fuperficial  figure,  regular  or  irregular  ;  For  the  fquare  root  of  the 

area 
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area  of  any  figure  whatever,  is  the  fide  of  a  fquare  equal  to  the 
given  figure.  But,  with  regard  to  circks,  if  the  diameter  be  giv 
en  ;  multiply  it  by  ,886,  and  the  produft  will  be  the  fide  of  an 
equal  fquare  :  Or,  As  13,545  is  to  12,  or  1354  to  1200  :  So  is 
the  diameter  of  a  circle  to  the  fide  of  a  fquare  equal  to  the  given 
circle.  And,  if  the  circumference  be  given,  multiply  it  by  ,282 
for  the  fide  of  an  equal  fquare.  Or,  divide  it  by  3,545,  and  the 
quotient  will  be  the  fide  of  an  equal  fquare. 

EXAMP.  i.  EXAMP.  2. 

Let  the  diameter  of  a  circle         The  circumference  being  37,7 
be  12,  to  find  the  fide  of  a     to  find  the  fide  of  an  equal  fquare? 
fquare  equal  to  the  circle  ?        37,7X5*82  =  10,631  zz  fide  of 
5&86x  12  —  10,632  rz  fide  of    the  fquare. 
the  fquare.  Or, 

As  13,545  :  12  : :  12  :  10,631  Or,  37>7^3>545  =  10,634 

=  the  fide. 

ART.  18.  The  Area  of  a  Circle  being  given,  to  Jin  d  the  Diameter., 

RULE  — Multiply  the  given  area  by  1,2732,  and  the  product 
will  be  the  fquare  of  the  diameter  ;  then,  extracting  the  fquare 
root  of  the  product,  you  will  have  the  diameter. 

EXAMP.  The  area  of  a  circle  being  113,09,  to  find  the  diame- 

/ter.  

1,2732  i43>986i88(i  1.999:1:  12  rz  diameter, 

113,09  i 

114588  21)43 

381960  21 
12732 

12732  229)2298 

2061 

143,986188 

239 

21501 

23989)226088 

215901 

10187  remainder. 

ART.  19.   Thf  Area  of  a  Circle  bdng  given,  to  Jtnd  the  Circumference, 

RULE. — Multiply  the  given  area  by  12,566,  and  extract  the 
fqu^re  root  of  the  produft,  which  root  will  be  the  circumference 
required. 

LXAMP.  The  area  of  a  circle  being  113,03  to  End  the  circum 
ference, 
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•    •     •    • 

12,566  i420j3349(37s68  =  circumference. 

113,03  9 

37698  67)520 

376980  469 

12566  

12566  746;5^3- 

4476 

1420,33498 

75a8 

60224 

5525  remainder. 

ART.  20.  The  Side  of  a  Square  bring  given,  to  Jind  the  Diameter  of  & 
Circle  equal  to  the  Square,  zuhoje  fide  is  given. 

RULE. — Multiply  the  given  fide  by  1,128,  and  the  produft  will 
be  the  diameter  of  a  circle,  whofe  area  is  equal  to  the  area  of  the 
given  fquare.  Or,  If  the  fide  of  the  fquare  be  divided  by  ,886, 
the  quotient  will  be  the  diameter.  Or,  As  12  to  13,54,  So  i&  the 
fide  of  any  fquare  to  the  diameter  of  an  equal  circle. 

EXAMP.  The  fide  of  a  fquare  being  10,635,  to  find  the  .diame 
ter  of  a  circle  equal  to  that  fquare  ? 
i°>^35X  1,128  ~  12  nearly.     Or,  10,635-:-, 886  zz:  1 2  rz  diameter. 

Or9  As  12  ;  13,54  : ;  10,635  :  i2  nearly. 

ART.  a i.  The  Side  of  a  Square  being  given,  to  Jind  the.  Circumference 
of  a  Circle  equal  to  the.  given  Square. 

RULE.— Multiply  the  given  fide  by  3,545  and  the  produft  will 
be  the  circumference  required.  Or,  divide  it  by  ,282,  and  the 
quotient  will  be  the  circurmerence. 

EXAMP.  The  fide  of  a  fqua-re  being  10,631,  to  find  the  circum 
ference  of  a  circle  equal  to  that  fquare.  Or9 
10,631  X  3,545  ~37,b86  =  circum.      ,282)10,631(37,698  circum. 
ART.  22.  To  Jind  the  Area  of  a  Semicircle,  the  Diameter  being  given. 

RULE. — Find  the  area  of  the  circle  by  Art.  15,  and  take  the 
half  of  it. 

In  the  fame  manner  may  the  area  of  a  quadrant,  or  a  quarter 
of  a  circle,  be  found,  by  taking  a  fourth  part  of  the  area  of  the 
whole  circle. 

But  with  regard  to  meafuring  a  fe&or,  or  a  fegment  of  a  cir 
cle,  it  will  be  neceflary  firfi  to  ftiew  how  to  find  the  length  of 
the  arch  line  of  a  feftor,  and  the  diameter  of  the  circle  to  a  giv 
en  fegment. 

ART.  23.  A  Segment  of  a  Circle  being  given,  to  Jind  the  Length  of  the 

Arch  Line. 

RULE. — Divide  the  fegment  into  two  equal  parts  :  then  meaf- 
uie  the  chord  of  the  half  arch,  from  the  double  of  which  fubtra£fc 

the 


AND 


SOLIDS. 


the  chord  of  the  whole  fegment  ;  and  one  third  of  that  differ 
ence,  being  added  to  the  double  of  the  chord  of  the  half  arch, 
will  give  the  length  of  the  arch  line. 

JixAM?*      In    the     fegment 

ABCD,  the  whole  chord  £DC 

is  2  it>.  and  the  chord  AB  or  BC 

126,  to  find  the  arch  line  ABC. 

126  ~  chord  AB  or  BC. 


252  rr  double  of  AB. 

1 2  ~  -y  difference,  added. 
204  —  length  of  the  arch  ABC, 


252  —  double. 

ai6  —  ADC,  to  be  fubtra&ed, 
3)36  — •  difference. 
12  zn  -^  difference. 

ART.  24.   The  Chord  and  verfed  Sine  of  a  Segment  being  given,  tofcnd 
the  'Diameter  of  a  Circle. 

RULS. — Multiply  half  the  chord  by  itfelf,  and  divide  the  prod- 
uft  by  the  verfed  fine  ;  then  add  the  quotient  to  the  veried  fine, 
and  the  fum  will  be  the  diameter  of  the  circle. 


EXAMP.  In  the  fegment 
ABCD,  the  chord  AC  is 
1869,5,  and  the  verfed  fine  BD 
423,5,  to  find  the  diameter. 

/half  the 
934'7H  chord  AC 
934,75 

467375 


373900 
280425 
841275 


4a3>5)873757>5625(2°63>1  = 


423,5  =  BD,  add. 


2486,6  —  diameter  BDE, 


Kkk 
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ART.  25.  To  mtajurt  a  Seflor. 

Definition.  A  feftor  is  a  part  of  a  circle,  contained  between  an 
arch  line  and  two  radii  or  femidiameters  of  the  circle. 

RULE. — Find  the  length  of  half  the  arch  by  Art.  23  :  Then 
multiply  this  by  the  radius  or  femidiameter,  and  the  product  wili 
be  the  area. 

EXAM  P.    1.     In    the    feftor 
ABCD,  given  the  radius  AD  or 
DC  72  feet,  the  chord  AC  z= 
126  feet,  and  the  chord  AB  or    . 
BC  zz:  70,  to  find  the  area  of  **' 
the  feftor. 

Firjl. 

70  zz:  chord  AB  or  BC. 


140 

is6zz:  AC,  fubtraft. 


144,66  zz:  length  of  the  arch  ABC, 
(by  Art.  23. 


Secondly. 

72,33  —  half  the  arch 
72  zr  radius. 

14466 
50631 

5207,76  zz  area. 


EXAMP.  2.  In  the  fedor  ABCD, 
greater  than  a  femicircle,  given  the 
radius  AE  or  ED  zz:  112,  the  chord 
BD  (of  h?.lf  the  arch  ABD)  zz:  204, 
and  the  chord  BC  (of  half  the  arch 
BCD)  zz:  120,  to  find  the  area  of 
the  feftor. 

120  zz:  BC. 


240 

204  fubtraft. 

3)36 

12 

240  Add.  , 

f  Length  of  the  arch 
2S2ZZ1BCD,  by  Art,  23. 


252  zr  half  of  the  arch  ABD 
112  zn  radius. 

5°4 
252 


28224  zz  area  of  the  fe£lor. 

ART. 
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ART.  26.  To  find  the.  Area  of  a  Segment  of  a  Circle. 

'Definition.  A  fegment  of  a  circle  is  any  part  of  a  circle  cut  off 
%y  a  right  line  drawn  acrofs  the  circle,  which  does  not  pafs 
through  the  centre,  and  is  always  greater  or  lefs  than  a  femicircle. 

EXAMP.  i.  To  find  the  area  of  the  fegment  ABC,  whofe  chord 
AC  is  172,  the  chord  of  half  the  arch  ABC,  viz.  BC  •=.  104,  and 
the  verfed  fine  BD  zn  58,48. 

RULE. — By  Art.  23,  find  the  length 
of  the  arch  line  ABC,  and  by  Art.  24, 
the  diameter  BF  ;  then  multiply  half 
the  chord  of  the  arch  ABC  by  half  the 
diameter,  and  the  produft  will  be  the 
area  of  the  feaor  ABCE  :  Then  find 
*he  area  of  the  triangle  AEC,  whofe 
bafe  AC  is  172,  and  perpendicular 
height  34,  found  by  fubtrafting  the 
verfed  fine  BD  from  half  the  diameter  ; 
and  the  area  of  the  triangle  AEC,  be 
ing  fubtrafted  from  the  area  of  the  fec- 
tor  ABCE,  will  leave  the  area  of  the  fegment  ABC. 

104  =  BC.  86  ~  half  ADC. 

2  86 


208 

372  =.  AC,  fubtrad. 


516 
688 


12 

208  add. 


5^48)739^00(126,47  =  DEF. 

5848          58,48  ~  BD,  add. 


220  rz  arch  line  ABC. 
no  iz:  half  arch 

925475  z=  radius. 
no 

924750 
92475 


15480      184,95  zr  diameter  BF. 

,.„   .„_  —  (radius  or    fem- 
9M75  —  j      idiamctcr. 
37840 

35088 

27520 
23392 


10172, 25=:  area  of  the  fe&or. 

86  z=  half  the  bafe  —  AD. 
34  —  perpendicular  DE. 


344 

101 72, 25~area  of  the  feftcr. 
2924       —  area  of  triangle. 


7248,25  —  area  of  the  feg, 


~  area  of  the  triangle. 


JE-XAM-P, 
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F.::AMP.  2.  In  the  fegment, 
A  BCD  greater  than  a  fernicircle, 
given  the  chord  of  the  whole  feg 
ment  AD  zz  136,  the  chord  AC 
<  f  half  tlie  arch  ACD  zi  146,  the* 
chord  AB  or  BC  of  one  fourth 
of  the  arch  ACD  —  86,  and  the 
radius  AE  or  ED  zz  80,  to  find 
the  area  of  the  fegment  ABCD. 

Fii  ft  fir.d  the  area  of  the  feftor 
ABCDE,  by  Art.  25,  at  the  iec- 
ond  Example  ;  then  find  the  area 
of  the  triangle  AED,  by  Art.  6,  and,  adding  the  area  of  the  tri 
angle  to  the  area  of  the  fe6tor,  you  will  have  the  area  of  the  feg 
ment. 


86  —  chord  AB. 

2 
172 

i  $ 6.  zz  chord  AC,  fubtracl. 
3)26 

•8,666 
172        zzdoubleof  AB,add. 

183.666  zz  arch  line  ABC. 
80  zz  radius. 


68  zz  half  the  bafe  AD. 
42  zz  perpendicular  E  136. 
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2856  zz  area  of  the  triangle  AED. 
1  4453>  2**  zz  area  of  the  feftor,  add, 

17309,28  zz  area  of  the  fegment, 


J4453?2^ozz  area  of  the  feclor. 

ART,  27.   Tojind  the  Area  of  an  Ellipjis, 

Definition.  An  ellipfis,  or  oval  is  a  curve  which  returns  into 
itfelf  like  a  circle,  but  has  two  diameters,  one  longer  than  the 
other,  the  longer},  of  which  is  called  the  tranfverfe3  and  the  fhort- 
eft,  the  conjugate  diameter. 

RULE. — Multiply  the  two  diame 
ters  of  the  ellipfis  together  ;  then, 
multiplying  the  produft  by  ,7854, 
this  laft  produft  will  be  the  area  of 
the  ellipfis. 

EXAMP.  In  the  ellipfis  ABCD, 
the  tranfverfe  diameter  AC  is  88,  and 
the  conjugate  diameter  BD  is  72,  t® 
find  the  area. 


A  N  D     S  O  L  I  D  S. 

88 
72 


616  The  content  is  found  by  the  fliding  rule 

..  .....  .  and  Gunter,  in  the  fame  way  as  the  circle, 

6336  only  ufing  the  product  of  the  two  diame- 

57854  ters  as  the  diameter  of  a  circle. 

25344 
31680 
50688 

44352 

4976,2944  zr  area. 

Menfuration  of  Superficies  is  eafily  applied  to  Surveying  :  Thus, 
take  the  angles  of  the  plot  with  a  good  compafs,  then  meafure  the 
fides  with  Gunter's  chain,  which  note  down  in  links  (or  chains 
and  links,  which  is  done  by  feparating  the  two  right  hand  fig 
ures  of  your  links  by  a  comma,  your  chain  being  100  links)  then 
caft  up  the  contents,  according  to  the  rule  of  the  figure,  cutting 
off  the  five  right  hand  figures  of  the  product,  and  thofe  at  the 
left  hand,  if  any,  are  acres  ;  then,  multiply  the  five  figures,  cut 
off,  by  4,  by  40,  and  by  272^,  cutting  off  as  before,  and  thofe  at 
the  left  hand  will  be  roods,  poles  and  feet,  refpeftively. 

S  E  c  T  i  o  N    II.       Of     S     O     L     I     D     S. 
Solids  are  meafured  by  the  folid  inch,  foot  or  yard,  &c.     1728 
©f  thefe  inches,  that  is   12  X  12X  12»  rnake  i  cubic  or  folid  foot. 
The  folid  content  of  every  body  is  found  by  rules  adapted   to 
their  particular  figures. 

ART.  28.  To  mea/ure  a  Cube.* 

Definition.  A  cube  is  a  folid  of  fix  equal  fides,  each  of  which  is 
an  exa&  fquare. 

The 

*  Here  follows  a  Table  of  the  Proportions,  which  the  following  Solids  have  to 
the  Cube  and  Cylinder,  having  the  fame  Baje  and  Altitude.  '  Solid  Inches. 

1.  A  Cube,  whofe  fide  is  12  inches,  contains       -       -         -  1728 

2.  A  Prifm,  having  an  equilateral  triangle,  whofe  fide  is  12  inches  7       g 
for  its  Bafe,  and  its  Altitude  i  a  inches,  contains         - 

3.  A  Square  Pyramid,  whofe  height  and  the  fide  of  its    bafe,   are  l         - 
each  12  inches,  is  £  of  the  above  cube,  and  therefore  contains     -        J    57 

4.  A  Triangular  Pyramid,  whofe  height  and  fide  of  its  triangular  7 
bafe  are  each  12  inches,  is  near  i  of  the  cube,  and  contains       -     ^  J 

5.  A  Cylinder,  whofe  diameter  and  height  are    each   12   inches,  is  1 

i*  of  the  above  cube,  and  contains         -----        3    357s1? 

6.  A  Sphere  or  Globe,  whofe  axis  or  diameter  is  12  inches,  equal  to  |  g 
the  fide  of  the  cube,  is  -|i  ®f  it,  and  contains         - 

7.  A  Cone,  whofe  bafe  and  altitude  are  each  12  inches,  equal  to  the  >  8S 
f-de  of  the  cube,  is    5   of  it,  and  contains        -                          -       <>    " 

A  8. 


MENSURATION  OF  SUPERFICIES 

The  folid  foot  is  compofed  of  1728  inches  :  For  a  folid,  that  is 
i   foot,  or  12  inches  every'  way,  that  is  12X12X12,  contains 

1728  inches.  _» 

RULE. 


8.  A  Parabolic  Conoid,  whofe  diameter  at  the  bafe,  and  height  are  >    °        wc* 
each  12  inches,  being  £  its  circumfcribing  cylinder,  contains     -     -       £    078,583 

9.  A  Hyperbolic  Conoid,  whofe  height,  and  diameter  at  the  bafe,  are  ? 

each  12  inches,  is  _L.  ot"  its  circumfcribing  cylinder,  and  contains          3    5°5>49 

10.  A  Parabolic  Spindle,  whofe  height  and  middle  diameter  are  each  ?     , 

12  inches,  is  JL.  of  its  circumfcribing  cylinder,  and  contains         -         j     723>°24 

Hence  arifes  a  different  method  of  finding  their  contents, 

General  Rule.  If  the  bafe  of  the  folid,  whofe  content  you  would  find,  be  re£H- 
lincar,  confider  it  as  a  Parade  topipedon  ;  if  curved,  as  a  Cylinder,  and  find  the  con 
tent  accordingly  :  Then  take  fuch  a  part  of  the  content,  thus  found,  as  is  fpecified 
in  the  preceding  Table,  which,  if  the  parts  be  taken  in  inches,  will  be  the  folid  con- 
tent  of  the  given  figare,  in  inches,  which,  divided  by  1  728,  will  give  the  cubic  feet. 

Ex  AMP.  i.  There  is  a  triangular  prifm,  the  fide  of  whofe  bafe  is  48  inches,  and 
\vhofe  perpendicular  height  is  108  inches  ;  What  is  its  folid  content  ? 

The  bafe  being  right  lined,  I  confider  it  as  a  parallelopipedon^  the  fide  of  whofe 
bafe  is  48  inches,  and  whofe  length  is  108  inches,  and  as  784^4  is  contained 
2,20340712  times  m  a  cubic  foot  ;  2,20340712  is  a  divifor,  to  divide  the  content 
of  the  parallelopipedon  by  ;  therefore  48X48X108-7-2,20340712  rz:  112930,56 
folid  inches  —  65,353  folid  feet. 

Kad  the  dimensions  been  given  infect,  ic  would  have  been  4  X4X9"T~2i2  0340712 
=  65,353  feet. 

EXAMP.  2.  There  is  a  fquare  pyramid,  whofe  height  is  12  feet,  and  the  fide  of 
whofe  bafe  is  3,5  feet  ;  What  is  its  content  ? 

3»5X3>5Xi2-f-3  =  49/e<r/,  Anf. 

EXAMP.  3.  There  is  a  triangular  pyramid,  whole  height  is  15  feet,  and  the  fide 
of  whofe  bafe  is  5  feet  ;  What  is  its  content  ? 


-r-7  =  53.57    ?<'»     n" 

EXAMP.  4.    There  is  a  cylinder,  whofe  diameter  is  2,5  feet,  and  whole  length  is 
24  feet  ;  What  is  its  content  ? 

Here,  the  diameter  is  to  be  tonfidered  as  the  fide  of  the  bafe  of  a  parallelopipe- 
don.     Therefore,  2,5X2,5XMXr  1-7-14  =  1'7»857/«'f  Anf. 

EXAMP.  5.     There  is  a  fpherical   balloon,  whofe  diameter  is  50  feet  ;  How  ma 
ny  cubic  feet  of  air  does  it  contain  ? 

Here,  the  diameter  is  to  be  confidered  as  the  fide  of  a  cube.     Therefore, 

50X5°X5°Xi  1-7-21  =  65476,i9/erf,  Anf. 

EXAMP.  6.     There  is  a  cone  whofe  height  is  i  5  feet,  and  the  diameter  of  who  ft 
bafe  is  5  feet  ;  What  is  its  content  ? 

Here,  the  diameter  of  the  bafe  is  to  be  confidered  as  the  fide  of  the  bafe  of  a  par- 
allelopipedoh,  and  its  height,  .as  the  length.     Therefore, 

.  5X5X15X5-T-1  9  =  98,684/«/,  Anf. 

EXAMP.  7.    There  is  a  parabolic  conoid,  whofe  diameter  at  the  bafe,  is  2,9  feet, 
and  whofe  height  is  6  feet  ;  What  is  the  content  ? 

This  folid,  being  ^  of  a  cylinder  ;  we  mult  fir  ft  find  the  content  as  of  thafrcf  a 
cylinder,  and  then  halve  it.     Therefore, 

2,9X2,9X6X11-7-14  =  39-647>and  39'^l7-f-2  —  10,823,  Anf. 
EXAMP.  8.  There  is  a  hyperbolic  conoid,  whofe  diameter  at  the  bafe  is  2,9  fett 
and  whofe  height  is  6  feet  ;  What  is  the  content  ? 

Firft,  find  the  content  of  a  cylinder. 

a,9X2,9X6Xii-7-i4  =  39,647i  and  39,647  X^—  16,5197^,  Anf. 
EXAMP.  9.     There  is  a  parabolic  fpindle,  whofe  middle  diameter  is   2^9  feet, 
and  whofe  length  is  6  feet  ;   Required  the  content  ? 

Firft,  find  the  content  of  a  cylinder. 
2,9X2,9X6  Xn-r  14  =  39;6-17,  and  39,647  xr:  21,145  feet,  Anf. 


ANB       SOLIDS. 


RULE. —Multiply  the  fide  by  itfelf,  and  that  produa  by  the 
fame  fide,  and  this  laft  produa  will  be  the  folid  content  of  the  cube. 

EXAM  P.     The  fide  of  a  cube  AB,  being 
18  inches,  or  1  foot  and  6  inches,  to  find 
the  content  ? 
i  foot,  6  inches  zr  1,5  foot.          18  incfhes. 


3*375        1728)5832(3,375 

5184 

In  this  operation,  the  inches   — 
are  changed  into  the  decimal      6480 
parts  of  a  foot.  5184 


I  have  done  this  two  different  ways,  that  the  learner  may  fee 
they  come  out  the  fame.  The  content  in  inches  is  5832,  which 
being  divided  by  1728,  the  inches  in  a  folid  foot,  and  the  divi- 
fion  continued  by  annexing  cyphers,  it  comes  out  the  fame  as  the 
decimal  operation. 

Note,  The  area  of  the  furface,  or  fuperficial  content  of  the  cube 
and  parallelopipedon  is  found  by  adding  the  areas  of  the  feveral 
quadrilateral  figures  which  compofe  them. 

ART.  29.   To  meafure  a  Parallelopipedon. 

Definition.  A  parallelopipedon  is  a  folid  of  three  dimenfions, 
length,  breadth,  and  thicknefs  ;  as  a  piece  of  timber  exaaiy 
fquared,  whofe  length  is  more  than  the  breadth  and  thicknefs. 
The  ends  are  called  bafes,  which  are  equal. 

RULE. —  Find  the  area  of  the  bafe,  then  multiply  that  by  the 
length,  and  it  will  give  the  folid  content. 

EXAM  P.  i.  The  fide  AB  is  1,75  foot,  and  the  length  AD  9,5 
feet,  to  find  the  folid  content  ? 


4l3  MENSURATION  OF  SUPERFICIES 

1,75  zz  i 


3,0625  zz  area  of  bafe. 


B 

I 

% 

A 

1 

9/5 


Ex  AMP,  2.  A  veffel  3,5  feet  each 
fide  within,  and  5  feet  deep,  to  find 
the  content  ? 


275625 

29,09375  zz  foiid  content, 


3.5 
3,5 


105 

12,25 
5 


61,25  —r  the  content. 

If  a  piece  of  timber,  or  any  other  tiling,  be  of  an  equal  big« 
nefs  through  its  whole  length,  though  there  be  a  difference  be 
tween  the  breadth  and  thicknefs,  if  the  breadth  and  thicknefa 
are  multiplied  together,  and  that  produft  multiplied  by  the  length, 
this  laft  product  will  be  the  folid  content. 

EXAMP.  3.  A  piece  of  timber  being  i  foot  and  6  inches,  or  t8 
inches  broad,  9  inches  thick,  and  9  feet  6  inches,  or  114  inches 
long,  to  find  the  content  ? 

1  foot,  6  inches  zz  1,5  foot.  Breadth  zz  18  inches. 

9  inches  zz  ,7  5  foot.  Depth  zz    9  inches. 


75 


1,125 
9  Ft,  6  inches  zz  9,5 


162 
Length  zz  114  inches. 


10,6875  zz  content. 

In  this  operation  the  inches 
are  changed  into  the  decimal 
fraftions  of  a  foot. 


1728)18468^10,6875  zz  con« 
1728     [tent,  as  before. 


NoUj 


AND       SOLIDS. 

Note,  When  the  end  is  given  in  inches  and  the  length  in 
iind  the  area  at  the  end  in  inches,  multiply  that  by  the  length  in 
feet,  and  divide  this  produft  by  144  (the  fquare  inches  in  a  foot  j 
and  the  quotient  will  be  feet. 

Take  the  laft  example.  By  the  Sliding  Rule. 

Foot.  Set  12  inches  on  the  girt  line  D 

1,5    —  *  18  inches.  to  the  fide  of  the  fquare  end  on  C3 

,75  ~    9  inches.  then,  againil  the  length  on  D,  you 

—  —  will^have  the  anlvver  on  C. 

162  area  in  inches. 

9,5  feet  ;  —  length.  By  Gunier. 

--  Extend  the  compafles  from(t2 

810  inches  to  the  length  of  the  fide  of 

1458  the   fquare  end  ;    that    diflance, 

-  twice  turned  over  from  the  length, 

144)  1539(10,6875  —con-  wi^  reach  to  the  content. 
144  [tent, 

99° 


1260        * 
1152 

1080 
1008 

720 
720 

When  the  fide  of  a  fquare  folict  is  given,  in  inches,  to  find 
how  much  in  length  will  make  a  foot  folid. 

RULE.  —  As  jhe  given  fide  is  to  12,  fo   is   12  to  a  fourth  num 
ber,  and   fo   is  that   fourth  number  to  the  required  hv.» 
divide  1728  by  the  area  at  the  end,  and  the  quotient  will  b 
length  making  a  folid  foot. 

If  the  given  fide  is  in  foo.t  meafure,  then, 

RULE.  —  As  the  given  fide  is  to  i  ;  fo  is  i  to  a  fourth  nir. 
and  fo  is  that  fourth  number  to  the  required  length. 

When  two  fides  of  an  unequal  fquare  folid  (that  is.  of  unequal 
breadth)  are  given,  to  find  what  length  will  make  any  number  oi 
folid  feet  : 

RULE.  —  -Multiply  the  propofcd  number  of  feet  by  t/u  :  Di 
vide  that  product  by  the  product  of  the  breadth  and  tle,:th,  and 
the  quotient  will  be  the  length  require-!, 

L'li  ART, 


45° 


MENSURATION  OF  SUPERFICIES 


ART.  30.  To  mcafure  a  Cylinder. 

Definition.  A  cylinder  is  a  round  body,  whofe  bafcs  are  cir 
cles,  like  a  round  column,  or  a  rolling  (lone  of  a  garden. 

RULE. — The  diameter  of  the  bafe  being  given,  find  the  area  of 
the  end  by  Art.  15,  then,  multiplying  the  area  of  the  bafe  by  the 
length,  that  product  will  be  the  content  of  the  cylinder. 

EXAM.  The  diameter  of 
the  bafe  AC  being  i  foot 
and  9  inches,  and  the 
length  BD  12  feet  and  6 
inches,  to  find  the  con 


tent. 


1,75  zz  diam.  of  the  bafe. 


124: 


2,405  —  area  of  the  bafe. 
1 2,5  rz:  length. 


,7854 
122500 


30,0625  zz  content* 


245000 
>  M375 

2,40528750  zz  area  of  the  bafe. 

If  the  fquare  of  the  diameter  of  a  cylinder  be  multiplied  by 
,7854,  and  the  folidity  divided  by  that  product,  the  quotient  will 
be  the  length. 

The  learner  may,  for  his  practice,  reduce  all  the  dimenfions 
to  inches,  and  find  the  folid  content  in  inches,  which  being  di 
vided  by  1728,  the  quotient  will  be  the  folid  content  in  feet  : 
Or,  if  he  finds  the  area  at  the  end  in  inches,  and  multiplies  that 
by  the  length  in  feet,  and  divides  by  144,  the  quotient  will  be 
feet. 

This  is  a  general  rule  for  finding  the  content  of  any  ftraight 
folid  body,  of  equal  bignefs  from  end  to  end,  of  whatever  form 
the  bafcs  are  :  For,  if  the  area  of  the  bafe  be  multiplied  by  the 
length,  the  product  will  be  the  folid  content. 

By  the  Sliding  Rule. 

Set  13,5,  the  fquare  root  of  183,34  (which  is  a  gauge  point  aril- 
ing  from  the  divifion  cf  144  by  ,7854)  found  on  D;  to  the  di 

ameter 


AND      SOLIDS.  45-1 

ameter  found  on  C,  and  oppofite  to  the  length,  on  D,  you  will 
find  the  content  on  C. 

Or,  As  42,54  is  to  the  circumference  ;  So  is  the  length  in  feet 
to  a  fourth  number,  and  fo  is  that  fourth  number,  to  the  anfwer. 

,  Note*  The  fuperficial  content  of  a  cylinder  is  found  by  multi 
plying  the  circumference  of  one  of  the  bafes  into  the  length,  and 
to  the  product  adding  the  areas  of  the  two  bafes,  or  ends. 

When  the  diameter  is  given  in  inches,  to  find  what  length 
will  make  a  folid  foot. 

RULE.  —  As  the  given  diameter  is  to  13,531  :  So  is  12  to  a  4th 
number,  and  fo  is  that  4th  number  to  the  required  length.  If 
the  diameter  be  given  in  foot  meafure  :  Rule,  As  the  given  diam 
eter  is  to  1,128  :  So  is  i  to  a  4th  number,  and  fo  is  that  4th  num 
ber  to  the  required  length.  Or,  divide  1728  by  the  area  at  the 
end  in  inches,  and  the  quotient  will  be  the  required  length. 

Tojznd  how  much  a  Cylindric  or  round  Tree,  that  is  equally  thick  from 
end  to  end)  will  hew  to,  when  made  fquare. 

RULE.  —  Multiply  twice  the  fquare  of  its  femidiameter  by  the 
length,  then  divide  the  product  by  144,  and  the  quotient  will  be 
the  anfwer. 

If  the  diameter  of  a  round  {tick  of  timber  be  $4  inches  from 
end  to  end,  and  its  length  20  feet  ;  How  many  folid  feet  will  it 
contain,  when  hewn  fquare  ;  and  what  will  be  the  content  of  the 
Habs  which  reduce  it  to  a  fquare  ? 

1  2  y  1  2  y  2  y  9.0 

'  -  ^—  <—  nr  40  feet,  the  folidity  when  hewn  fquare. 

144 


144 

the  total  folidity,   whence  62,8  —  40  n:  22,8  feet,  the  folidity  of 
the  flats. 

ART.  31.   To  meafure  a  Prifm. 

Definition.  A  prifm  is  a  body  with  two  equal  or  parallel  ends, 
either  fquare,  triangular,  or  polygonal,  and  three  or  more  fides, 
which  meet  in  parallel  lines,  running  from  the  feveral  angles  at 
one  end,  to  thofe  of  the  other. 

RULE.  —  -PrifmA  of  all  kinds,  whether  fquare,  triangular  or  po 
lygonal,  are  measured  by  one  general  rule,  viz.  Find  the  fuperfi 
cial  content,  or  area  at  the  bale  (or  end)  by  the  proper  rule  of 
Seft.  i.  and  this  multiplied  by  the  length,  or  height  of  the  prifm, 
will  give  the  folid  content. 

Ex  AMP' 


453.  MENSURATION  OF  SUPERFICIES 

Ex  AM  P.  The  fide  of  a  flick  of  timber,  AB, 
hc'vVii  three  fquare,  is  10  inches,  and  the  length, 
AC,  is  12  feet,  to  find  the  content  ?  C 

Side  zz:     iQ  inches. 
•|  Perpend,  ~  4,33  inches. 

43.3  zz:  area  at  the  end. 
12  feet -nz  length. 


,6(3, 6  feet,  content. 


AW?,  The  fuperficial  content  is  found  by  adding  the  areas  of 
vcral  quadrilateral  and  triangular  figures,  which  compofe  it, 

ART.  32.  To  mea/ure  a  Pyramid. 

Definition.     Solids,  which  decreafe  gradually  from  the  bafe  till 
they  come  to  a  point,  are  generally  called  pyramids,  and  are  of 
different  kinds,  according  to  the  figure  of   their  bafes  ;  thus,  if 
a  fquare  bafe,  it  is  called  a  fquare  pyramid  :  If  a  triangular 
a  triangular  pyramid  :  If  the  bafe  be  a  circle,  a  circular  pyr- 
.  or   (imply  a  cone.     The  point,   in  which  the  top  of.  a  pyra 
mid  ends,  is  called  a  Vertex,  and  a  line  drawn,  from   the  vertex, 
perpendicular  to  the  bale,  is  called  the  height  of  the  pyramid. 

RULE. — Find  the  area  of  the  bafe,  whether  triangular,  fquare, 
polygonal  or  circular,  by  the  rules  in  fuperficial  meafure  ;  then, 
multiply  this  area  by  one  third  of  the  height,  and  the  product 
\viil  be  the  folid  content  of  the  pyramid. 

EXA?,*P.  i.  In  a  triangular  pyramid,  the  height 
BE,  being  48,  and  each  fide  of  the  bafe  13  :  The 
bate  being  a  triangle,  let  the  perpendicular  height 
13  E  be  11  ;  to  find  the  content. 
5,5  z=  half  ED. 
13  —  bafe  AC. 


55 

73,  5  zz:  area  of  the  bafe. 
16  zz:  |  of  the  height  EB. 


4290 


1144.0  zzt  content, 


AN  D 


SOLIDS. 


EXAMP.  2.  In  a  quadrangular  pyramid,  the 
height  BE  being  48,  and  each  fide  of  the  bale  13, 
to  find  the  content, 

13 

13 


39 


169  -"-  area  of  the  bafe. 
16  rz  -f-  of  the  height  EB. 


2704  zz  content. 

EXAMP.  3.  To  meajure  a  Cone.—  The  diameter 
AC  being  13,  and  the  height  BD  48,  to  find  the 
content. 


13 


132,7326  zz  area  of  the  bafe. 
16  zz  |-  of  the  height. 


7963956 
1327326 

2123,7216  zz  content. 

Note,  The  fuperficial  content  ofall  pyramids  is  found  by  taking 
the  fum  of  the  feveral  areas,  which  compofe  them.  That  of  a 
cone,  by  multiplying  the  circumference  of  the  bafe  into  hal/  the 
line  joining  the  vertex  and  any  point  in  that  circumference,  and 
adding  the  area  of  the  bafe  to  the  producl;. 

ART. 
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ART.  33.  To  meafure  the  Frujlrum  of  a  Pyramid. 

Definition,  The  fruftrum  of  a  pyramid  is  what  remains  after 
the  top  is  cut  off  by  a  plane  parallel  to  the  bafe,  and  is  in  the 
form  of  a  log  greater  at  one  end  than  the  other,  whether  round, 
or  hewn  three  or  four  fquare,  &c. 

RULE.— If  it  be  the  fruftrum  of  a  fquare  pyramid,  multiply 
the  fide  of  the  greater  bafe  by  the  fide  of  the  lefs  ;  to  this  prod 
uct  add  one  third  of  the  fquare  of  the  difference  of  the  fides,  and 
th.cfum  will  be  the  mean  area  between  the  bafes  ;  but,  if  the  bafe 
be  any  other  regular  figure,  multiply  thisfum  by  the  proper  mul 
tiplier  of  its  figure  in  the  Table,  Art.  11.  and  the  produft  will 
be  the  mean  area  between  the  bafes  :  Laftly,  multiply  this  by  the 
height,  and  it  will  give  the  content  of  the  fruftrum. 

Ex  AM  P.  i.  In  the  fruftrum  of  a  fquare  pyramid 
the  fide  of  the  greater  bafe  AD  zz  15,  the  fide  of 
the  lefs,  BC  zz  6,  and  the  height  EF  zz  40,  to  find 
the  content. 

15  =  AD.         15 
6  — BC.  6 

Prod.  zz  90  9  zz  difference. 

Add     27  9 

117  3)81  zz  fquare  of  the  dif- 

X    4°  [Terence. 

27  zz  ^-  of  the  fquare. 
4680  zz  content. 

Or,  If  it  be  a  tapering  fquare  ftick  of  timber,  take  the  girth  of 
it  in  the  middle  ;  fquare  £  of  the  girth  (or  multiply  it  by  itfelf 
in  inches)  then  fay,  as  144  (inches)  to  that  pioduft  ;  fo  is  the 
length,  taken  in  feet,  to  the  content  in  feet. 

EXAMP.  2.  What  is  the  content  of  a  tapering  fquare  ftick  of 
timber,  whcfe  fide  of  the  largeft  end  is  12  inches,  of  the  Icaft 
end,  8  inches,  and  whofe  length  is  thirty  feet  ? 

One  fourth  of  the  girth  in  the  middle  —  10,  and  ioX  *O  zz 
JOO,  the  area  in  the  middle;  then,  As  144  :  100  :  :  30  feet  :  20.83 
feetj  the  content. 

By  Ike  Sliding  Rule. 

Set  12  on  D  to  J  of  the  circumference  on  C3  and  againft  the 
length  on  D  is  the  anfwer  on  C. 

/?>•  Guntcr. 

The  extent  from  12  to  £  of  the  circumference  doubled,  or 
twice  turned  over,  will  reach  from  the  length  to  the  content. 

EXAMP. 


ANB       SOLIDS. 

EXAMP.  3.  In  the  fruftrum  of  a  triangular  pyra 
mid,  the  fide  of  the  greater  bafe  AC  —  15,  as  be 
fore,  the  fide  of  the  lefs  BD  z=  6,  and  the  height 
EF  — •  40,  to  find  the  content* 


45$ 


15  =  AC. 
6  —  BD. 


15 

6 


9  n:  difference  of  the  fides.  0,0 

9  Add  27 


3)81  zr  fquare  of  the  difference, 
27  ~  •§•  of  the  fquare. 


117 

,433  multiplier. 


50,661  nr  mean  area* 
40  =:  height. 


2026,440  zr  content. 

Or,  If  it  be  a  tapering  three  fquare  ftick  of  timber,  you  may 
find  the  area  midway  from  end  to  end,  then,  As  144  is  to  that 
area  ;  fo  is  the  length,  taken  in  feet,  to  the  content  in  feet. 

EXAMP.  4.  To  meafure  the  Fruftrum  of  a  Cone. 

RULE. — Multiply  the  diameters  of  the  two  bafes  together,  and 
to  the  product  add  one  third  of  the  fquare  of  the  difference  of 
the  diameters  :  Then  multiplying  this  fum  by  ,7854,  it  will  be 
the  mean  area  between  the  two  bafes,  which  being  multiplied  by 
the  length  of  the  fruftrum,  will  give  the  folid  content. 

Or,  To  the  areas  of  the  top  and  bottom  add  the  fquare  root  of 
the  product  of  thofe  areas,  and  the  fum,  multiplied  by  one  third 
of  the  height  of  the  fruftrum,  will  give  the  folidity. 

When  figures  run  uniformly  taper  ;  but  not  to  a  point  (they 
being  confidered  as  portions  of  the  cone  or  pyramid)  we  may 
find  the  folidity  by  fupplying  what  is  wanting  to  complete  the 
figure,  and  then  deducting  the  part  cut  off. 

A  general  rule  for  completing  every  ftraight  fidedfolid,  zuhofe  ends  are 
parallel  andfimilar. 

As  the  difference  of  the  top  and  bottom  diameters  is  to  the  per 
pendicular  height,  (or  depth,  which  is  the  fame  :)  So  is  the  long- 
eft  diameter  to  the  altitude  of  the  whole  cone  or  pyramid, 

The 
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The  former  cone  in  Art.  32,  Examp.  3,  being   cut  off  in  the 
middle,  the  greater  diameter  AC  is  13,  the  lefs  BD  64,  and  height 
EF  24,  to  find  the  content  of  the  fruftrum. 
irr  13  inches,  13 

6j5 


BDzz6,5  inches. 


P| 


Add  14,083 


394332 

492915 
788664 
690081 

77,427(0882  ~  m.ean  area, 
24  feet  z=  length. 

309708 


6,5  rz  difference* 
6,5 

/- 

/    ^ 

325 
39°                              * 

13 


E 


=:  \  of  the  fquare. 


1858,248  zr  content. 


144)1858,248(12,973  feet,  content, 
144 

418 
288 

1302 
1296 

1064 
1008 

-568 

43* 


ART.  34.  To  meafure  a  Sphere  or  Globe. 

Definition.  A  fphere  or  globe  is  a  round  folid  body,  in  the  mid 
dle  of  which  is  a  point,  from  which  all  lines  drawn  from  the 
furface  are  equal. 

RULE, — Multiply  the  cube  of  the  diameter  by  ,5236,  and  the 
product  will  be  the  folid  content, 

Or,  Multiply  the  circumference  by  the  diameter,  which  will 
give  the  fuperficial  content  ;  then  multiply  the  furface  by  one 
ftxth  of  the  diameter,  and  it  will  give  the  folidity. 

Or,  Multiply  the  cube  of  the  diameter  by  11,  and  the  product 
divided  by  21,  will  give  the  folidity. 

EXAMP.  The  diameter,  AB?  of  a  globe,  is  4.5  feet ;  to  find  the 
folid  content. 


AND       SOLIDS. 
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,5*36 
546750 

273375 
182250 

4556^5 
47>7 1305°° 

Note.  If  the  circumference,  or  greateft  circle  of  the  fpltere,  be 
given,  multiply  the  cube  of  it  by  ,016887  for  the  content. 

The  furface  of  the  globe  may  be  found  by  multiplying  the  fquare 
of  the  diameter  by  3,1416  ;  or  by  multiplying  the  area  of  its  great- 
eft  circle  by  4,  or  the  fquare  of  the  circumference  by  ,3*83. 

When  the.  folidity  of  a  globe  is  given,  the  diameter  may  be 
found  by  dividing  the  folidity  by  ,5236,  and  cxtrafting  the  cube 
root  of  the  quotient. 

Or,  If  the  circumference  be  required,  divide  the  folidity  by 
^016887,  and  the  cube  root  of  the  quotient  will  give  it. 

A  R T,  35.  To  meq/ure  the  Solidity  of  a  Fruflrum  or  Segment  of  a  Globe. 

Definition.  The  fruftrum  of  a  globe  is  any  part  cut  off  by  a  plane. 

RULE. — To  three  times  the  fquare  of  the  femidiameter  of  the 

bafe,  add  the  fquare  of  the  height ;  then  multiplying  that  fum  by  the 

height,  and  the  product  by  95236,  you  will  have  the  folid  content. 

Ex  AM  P.  The   height  BD  being  9  inches,  and  the  cftarneter  of 

the  bafe  AC  24  inches  :  To  find  the  content. 

i2zi:femidiam.  4617 

12  ,5236 


144  zz  fquare. 
X   3 


5*3 
X    9  =  height. 


2417.4612  rr  folid  center 


Mmm 
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To  meafure  the  Surface  of  a  Fruftrum  or  Segment  0f  a  Globe. 

RULE. — Find  the  diameter  of  the  globe  by  Art.  2,j,  and  the 
furface  of  the  whole  globe,  by  Art.  34  ;  then,  As  the  diameter 
of  the  glebe  is  to  the  height  of  the  fruftrum  ;  So  is  the  furface 
of  the  globe,  to  the  furface  of  the  fruftrum  ;  then,  by  Art.^t5, 
find  the  area  of  the  bafe  ;  add  thefe  two  together,  and  the  fum 
will  be  the  whole  furface  of  the  fruftrum. 

ART.  36.   To  meafure  the  middle  gone  of  a  Globe. 

Definition.  This  part  of  a  globe  is  fomewhat  like  a  cafk,  two 
equal  fegments  being  wanting,  one  on  each  fide  of  the  axis. 

RULE. — To  twice  the  fquare  of  the  middle  diameter,  add  the 
fquare  of  the  end  diameter  ;  multiply  that  fum  by  ,7854,  and  that 
produft,multiplied  by  one  third  of  the  length,  will  give  the  folidity,, 

Or,  To  four  times  the  fquare  of  the  middle  diameter  add  twice 
the  fquare  of  the  end  diameter,  that  fum  multiplied  by  ,7854,  and 
that  product  by  onefixth  of  the  length,  will  give  the  folidity. 

Note.  This  rule  is  applicable  to  the  fruftrum  of  a  cone  or  pyramid. 

If  the  middle  diameter  of  a  zone  be  20  inches,  the  end  diame 
ters  each  16  inches,  and  length  12  inches  ;  Required  its  folidity? 


20X20X2-f-16x  iox  57854x4  —  33 1 735296 

ART.  37.   To  meafure  a  Spheroid. 

Definition.  A  fpheroid  is  a  foiid  body  like  an  egg,  only  both 
its  ends  are  the  lame.  B 

RULE.— Multiply  the  fquare  of  the 
diameter  of  the  greateft   circle,  viz. 
the  diameter  of  the  middle  (DB  in  the   i 
figure)  by  the  length   AC,  and   that'** 
produft  by, 5236,  and  you  will  have 
the  folidity. 

Ex  AM  P.  The  diameter  BD  being  20, 
and  the  length  AC  30,  to  find  the 
content.  2O^,  2Q^  gox  ,5236  —  6283,2  Anf. 

ART.  3-8.   To  meafure  the  middle  Frujtrum  of  the  Spheroid. 
Definition.    This  is  a  cafklike  folid,  wanting  two  equal  fegments 
to  complete  the  fpheroid. 

RULE.— -The  fame  as  in  Article  36. 
rlf  the  middle  and  end  diameters  of  the  middle  fruftrum  of  a 

2?^roid  be  40  and  30  inches,  and  its  length  50  ;  What  is  its  fo- 
lid.T  p 

5°-r 0-16,6,  then 4OX4°X  2+^0X30X5 7 85 4 X  16,6—53669  Anf. 

39.  To  meafure  a  Segment,  or  Frujirum  of  a  Spheroid. 
''s  '.  This  is  a  part  of  a  fpheroid  made  by  a  plane,  paral- 
"b  ®''teft  circular  diameter, 

RULE. 


AND       SODIDS. 

RULE. — To  four  times  the  fquare  of  the  middle  diameter  add 
the  fquare  of  the  bafe  diameter,  then  multiply  that  fum  by  .7854, 
and  the  product  by  one  fix th  of  the  altitude,  and  it  will  give  the 
folidity. 

If  the  bafe  diameter  of  the  end  fruftrum  of  a  fpheroid  be  36, 
diameter  at  the  middle  of  the  height  30,  and  the  height  20  inch 
es  ;  Required  its  folidity  ? 

30  x 30 x 4+36X 36  X  ,785  4  X 3*3  =  12817,728  Anf. 
N.  B.   ao-f-6  -=.  3,3. 

ART.  40.   To  meajure  a  Parabolic  Conoid. 

Definition.  This  folid  may  be  generated  by  turning  a  femi- 
parabola  about  its  abfciffa  or  altitude. 

RULE. — As  a  parabolic  conoid  is  half  of  its  circumferibing  c}'- 
Hnder,  of  the  fame  bafe  and  altitude  ;  multiply  the  area  of  the 
bafe  by  half  the  height,  for  the  folidity. 

If  the  diameter  of  the  bafe  of  a  parabolic  conoid  be  40  inches, 
and  its  height  42  ;  What  is  the  folidity  ? 

40X4°X  ,7854X21  =  26389,44  Anf. 

ART.  41.  To  meajure  the  lower  Frujtrum  of  a  Parabolic  Conoid. 

Definition.  This  folid  is  made  by  a  plane  paffing  through  the 
conoid,  parallel  to  its  bafe. 

RULE. — Multiply  the  fum  of  the  fquare*  of  the  diameters  of 
the  bafes  by  ,7854,  and  that  product  by  half  the  height,  for  the 
folidity. 

If  the  diameters  of  a  fruftrum  of  a  parabolic  conoid  be  40  and 
30  inches,  and  its  height  20  inches  ;  Required  its  folidity  ? 

40 X 40+3° X  3oX,7854XiO—  19635  Anf: 

ART.  42.  To  meafure  a  Parabolic  Spindle. 

Definition.  This  folid  is  formed  by  an  obtufe  parabola,  turned 
about  its  greateft  ordinate. 

RULE. — This  folid  being  eight  fifteenths  of  its  leaft  circunri' 
fcribing  cylinder,  multiply  the  area  ©f  its  middle  or  greateft  di 
ameter  by  eight  fifteenths  of  its  perpendicular  length,  and  it  will 
give  its  folidity. 

If  the  diameter  at  ,the  middle  of  a  parabolic  fpindle  be  20 
inches,  and  its  length  60  ;  Required  its  folidity  ? 

20X20X, 7854X3*  (—  60x84-15)  =  ^053,12  Anf. 
ART.  43.  To  meajure  ike  middle  Zone,  or  middle  Frujtrum  cf  a  Para 
bolic  Spindle. 

Definition.  This  is  a  cafklike  folid,  wanting  two  equal  ends 
of  f  aid  fpindle. 

RULE. — To  the  fum  and  half  fum  of  the  fquares  of  the  two 
diameters  add  three  tenths  of  the  difference  of  their  fquares, 
which  multiply  by  a  third  of  the  length,  and  the  product  will  be 
the  folidity. 

If 
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If  the  middle  and  end  diameters  of  the  middle  fruftrum  of  a 
parabolic  fpindle  be  40  and  30  inches,  and  its  length  60  ;  What 
is  its  lolidity  ? 

40  X  40  r=  1600     1600—900  ~  700  the  diff.  of  the  fquares. 
30X30—    9°°  __     700X58  =  210  —  three  tenths  of  do.  thens 

25004- 1 2504-2 10  X2o(— iof6o)zr79200  Anf* 
Sum  zz  2500 
Half  fumzr  1250 

ART.  44.  To  mtafurt  a  Cylinder  old,  or  Prifmoid. 

Definition.  A  cylindaroid  is  a  folid  fomewhat  like  the  fruftrum 
of  a  cone,  one  bafe  may  be  an  ellipfis,  and  the  other  a  difpropor- 
tional  ellipfis  or  circle. 

A  prifmoid  is  a  folid  fomewhat  like  the  fruftrum  of  a  pyramid, 
but  its  bafes  are  difproportional. 

RULE. — The  fame  as  for  the  fruftrum  of  a  cone  or  pyramid  s 
Or,  to  the  areas  of  both  bafes  add  a  mean  area,  that  is,  the  fquare 
root  of  the  produft  of  the  two  bafes,  then  multiply  that  fum  by 
a  third  of  the  height  or  length,  and  it  will  give  the  folidity. 

If  the  diameters  of  the  greater  bafe  of  a  cylinderoid  be  30  and 
20  inches,  the  diameter  of  the  lefs  bafe  12,  and  length  60  inches  .j 
What  is  the  folidity  ? 


30X20n 
12X  12  =  144 

"  i037»9X,7854Xao( 


•v' 1 44X600=  293*9 


l63°3>33 


1037,9  J 

If  the  diameters  of  the  greater  bafe  of  a  prifmoid  be  30  and  20 
inches,  the  lefs  bafe  20  by  10  inches,  and  length  30  inches  5 
Whajt  is  its  folidity  ? 

30  X  20  =  600  - 
20  X  10  —-  200 

1146,4X10  (  —  3°-r3)  = 


=z  346,4 


lidity  in  inches. 


1146,4 
ART.  45.  To  mtajurt  a  Solid  Ring* 

RULE. — Meafure  the  internal  diameter  of  the  ring,  and  it's 
girth,  or  circumference  ;  then  multiply  the  girth  by  ,31831,  and 
the  product  will  be  the  diameter  of  the  wire,  which  add  to  the 
internal  diameter  ;  multiply  this  fum  by  3,1416,  and  the  produft 
will  be  the  length  of  a  cylinder  equal  to  the  ring  of  the  fame 
bafe.  Then  the  area  of  a  feftion  of  the  ring  multiplied  by  the 
length  of  the  faid  cylinder  will  give  the  folidity  of  the  ring. 
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If  an  iron  ring  be  12  inches  in  girth,  and  its  internal  diame 
ter  be  20  inches  ;   What  is  its  folidity  ? 

^8'83iXi2  =  3,8  p  ring's  diameter.     20+3^8  X  3>  1  41  6  =  74>77 
the  length  of  a  cylinder  equal  1.0  the  ring  :   And 

' 


ART,  460    To  meajure  the  Solidity  of  any  irregular  Body,  whoje.  Di~ 

menfions  cannot  be.  taken. 

Take  any  regular  veffel,  either  fquare  or  round,  and  put  the 
irregular  body  into  it  ;  pour  fo  much  water  into  the  veffel  as 
will  exactly  cover  the  body,  and  meafure  the  dry  part  from  the 
top  of  the  veflel  to  the  water  ;  then  take  out  the  body,  and  meaf 
ure  again  from  the  top  of  the  veffel  to  the  water,  and  fubtraft  the 
firft  meafure  from  the  fecond,  and  the  difference  is  the  fall  of  the 
water  :  Then,  if  the  veffel  be  fquare,  multiply  the  fide  by  itfelf, 
and  that  produ&  by  the  fall  of  the  water,  and  you  will  have  the 
content  of  the  body  ;  but  if  it  be  a  long  fquare,  multiply  the 
length  by  the  breadth,  and  that  product  by  the  fall  of  the  water  ; 
or,  laftly,  if  it  be  a  found  veffel,  multiply  the  fquare  of  the  di 
ameter  by  ,7854,  and  that  producl  by  the  fall  of  the  water,  and 
you  will  have  the  content. 


EXAM.  t.  A  body 
being  put  into  a  vef 
fel  18  inches  fquare, 
on  taking  out  the  bo 
dy,  the  water  funk  9 


EXAM.  2.  A  body 
put  into  a  ciftern  4 
feet  by  3,  on  taking 
it  out,  the  water 
fell  6  inches  ;  Re- 


EXAM.  3.  A  body 
beingput  intoa  round 
tub,  whofe  diameter 
was  1,5  foot,  on  tak 
ing  out  the  body,  the 


inches;  Required  the  ^-quired  the  content^  water  fell    1.5  foot  ; 


content  of  the  body  ? 

18  inch,  zz:  1,5  foot. 

9  inch,  zr  ,75  foot. 

i,5  X  1,5  X  ,75  = 


of  the  body  ? 


content. 


What  was  the  con 
tent  of  the  body  ? 


1,5  —  2,65  feet,  con 
tent. 


2,6875  foot,  content. 

Of  the  Jive  Regular  Bodies. 

There   are  five  lolids  contained   under   equal  regular   (ides, 
which,  by  way  of  diflinftion,  are  called  the  Jive  regular  bodies. 

Thefe  are  the  Tetraedron,  the  Hexaedron  or  Cube,  the  Ottaedron, 
the  Dodecaedron,  and  the  Eicofiedron.  The  meafuring  of  the  cube 
was  fhewn  at  Art.  28.  I  fhall  now  (hew  how  to  meafure  the  oth 
er  four,  by  the  following  Table,  which  is  the  fhorteft  method. 
A  Table  of  the  folid  and  fuperficial  content  of  each  of  the  Jive  bodies, 
the  fides  being  unity ,  or  i . 


Names  of  the  Bodies. 

Solidity. 

<Supe>/icies. 

Tetraedron. 
Hexaedron. 
Oftaedron. 
Eicofiedron. 
Dodecaedron. 

0.11785 
i. 

o.47'4 
2.181695 
7.663119 

'•73*05 
6. 

3.464 
8.66025 
20.6457 

All 
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All  like  folid  bodies  being  in  proportion  to  one  another  as  the 
cubes  of  their  like  fides,  the  folid  content  of  any  of  thefe  bod 
ies  may  be  found  by  multiplying  the  cubes  of  their  fides  by  the 
numbers  in  the  fecond  column  under  Solidity  ,*  and  their  fuper- 
ficies,  by  multiplying  the  fquares  of  their  fides  into  the  numbers 
in  the  third  column,  under  Superficies. 

Of  the  TETRAEDRON. 

This  folid  is  contained  under  four  equal  and  equilateral  trian 
gles,  that  is,  it  is  a  triangular  pyramid  of  four  equal  faces,  the 
fide  of  whofe  bafe  is  equal  to  the  flant  height  of  the  pyramid, 
from  the  angles  to  the  vertex. 

ART.  47.  The  fide  of  a  Tetraedron  being  3,  to  Jind  the  folid  and  fu- 

perfidal  content. 

Cube  —3X3X3  =  27,  and  27X, 11785  =  3,i8i95zzfolidity. 
Square  zr  3X3  =  9>  and  9X  1,73205  =  15,58845  zz  fuperficies., 

Of   the    OCTAEDRON. 

This  folid  is  contained  under  eight  equal  and  equilateral  tri 
angles,  which  may  be  conceived  to  confift  of  two  quadrangular 
pyramids  of  equal  bafes  joined  together,  the  fides  of  whofe  bafes 
are  equal  to  the  given  fides  of  the  triangles,  under  which  it  is 
contained. 

ART.  48.  The  fide  of  an  Ottaedron  bang  3,  to  find  the  folid  andfu- 

perficial  content. 

Cube  —  3X3X3  — 27»  and  27X,47i4rz  12,7278—  folidity. 
Square—  3X3  =  9>  and  9X3,464  =±31,1^6==  fuperficies. 

Of  the.    DODECAEDRON. 

This  folid  is  contained  under  12  equilateral  pentagons,  and 
may  be  conceived  to  confift  of  twelve  pentagonal  pyramids,  of 
equal  bafes  and  altitude,  whofe  vertices  meet  in  the  centre  of 
the  dodecaedron. 

ART.  49.  -The  fide  of  a  Dodecaedron  being  3,  to  Jind.  the  folid  andfu- 
perjicial  content. 

Cube  zz  3 X  3  X  3  :=  27»  and  27  X  7»663  > *  9  —  206,904. 
Square  —  3X3  =$,  and  9X20,6457  zz  185,8113. 

Of  the  E  i  c  o  s  i  E  D  R  o  v. 

This  folid  is  contained  under  twenty  equal  and  equilateral  tri 
angles,  and  maybe  conceived  to  confift  of  twenty  equal  triangu 
lar  pyramids,  whofe  vertices  all  meet  in  the  centre. 

ART.  50.  The  fide  of  an  Eicofiedron  being  3,  to  find  the  folid  andfu- 

perficial  content. 

Cube  — 3X3X3 —  27,  and  27 x  2,18169  — 58,90563  zzfolidity. 
Square  =  3X3  =  9*  and  9X  8,66025  —  77,94225  —  fuperficies. 

As  the  figures  of  fomc  of  thefe  bodies  would  give  but  a  con- 

fufed  idea  of  them,  I  have  omitted  them  ;.  but  the  following  fig-1 

f  ures 
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ures,  cut  out  in  pafteboard,  and  the  lines  cut  half  through,  will 
fold  up  into  the  feveral  bodies. 

Tetraedron.  Hexaedron.  Ottaedron. 


Dodecaedron. 


Of    C 


ASK 


GAUGING. 


Among  the  many  different  canons,  drawn  from  Stereometry,, 
for  gauging  cafks,  the  following  is  as  exacl:  as  any. 

Take  the  dimenfions  of  the  cafk  in  inches,  viz.  the  diameter 
at  the  bung  and  head,  and  length  of  the  cafk  :  Subtract  the  head 
diameter  from  the  bung  diameter,  and  note  the  difference. 

if  the  flaves  of  the  cafk  be  much  curved  or  bulging  between  the 
bung  and  the  head,  multiply  the  difference  by  ,7  ;  if  not  quite  fo 
curve,  by  ,65  ;  if  they  bulge  yet  lefs,  by  ,6  ;  and  if  they  are  al- 
moft  or  quite  flraight,  by  ,55,  and  add  the  produft  to  the  head 
diameter  ;  the  fum  will  be  a  mean  diameter,  by  which  the  cafk  is 
reduced  to  a  cylinder. 

Square  the  mean  diameter,  thus  found,  then  multiply  it  by  the 
length  ;  divide  the  produft  by  359  for  ale  or  beer  gallons,  and 
by  294  for  wine  gallons. 

Note  i.  The  length  is  moft  conveniently  taken  by  callipers, 
allowing,  for  the  thickncfs  of  both  heads,  i  inch,  if  inch,  or  2 
inches,  according  to  the  fize  of  the  caik  :  But  if  you  have  no 
callipers,  do  thus  ;  meafure  the  length  of  the  ftave  ;  then  take 
the  depth  of  the  chimes,  which,  with  the  thicknefs  of  the  head, 
being  fubtrafted  from  the  length  of  the  flave,  leaves  the  length 
within. 

Note  2.  You  muft  take  the  head  diameter,  clofe  to  its  cutftde, 
and,  for  fraall  cafks,  add  3  tenths  of  an  inch  ;  for  cafks  of  30 
40,  or  50  gallons*  4  tsnths.  and  for  larger  cafks,  5  or  6  tenths,  ? 
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the  fum  will  be  very  nearly  the  head  diameter  within.  In  taking 
the  bung  diameter,  obferve,  by  moving  the  rod  backward  and 
forward,  whether  the  ftave,  oppofite  the  bung,,  be  thicker  or  thin 
ner  than  the  reft,  and  if  it  be,  make  allowance  accordingly. 

By  the  Sliding  Rule. 

On  D  is  18,94,  the  gauge  point  for  ale  or  beer  gallons,  marked 
AG,  and  17,14,  the  gauge  point  for  wine  gallons,  marked  WG  : 
Set  the  guage  point  to  the  length  of  the  cafk  on  C,  and  againft  the 
mean  diameter,  on  D,  you  will  have  the  anfwer  in  ale  or  wine 
gallons  accordingly  as  which  gauge  point  you  make  ufe  of. 

By  the  Scale. 

Take  the  extent  from  the  gauge  point  to  the  mean  diameter, 
fet  one  foot  of  the  dividers  in  the  length,  and,'  turning  them 
twice  bver,  they  will  point  out  the  content. 

ART.  51.  Required  the  content,  in  ale  and  wine  gallons,  of  a 
cafk,  whofe  bung  diameter  is  35  inches,  head  diameter  27  inches, 
and  length  45  inches  ? 

Bung  diameter  zz  35     Square  of  the  diam.  =  1062,76 
Head  diameter  zz:  27  Length  zz          45 

Difference  zz    8  531380 

,7  425104 


Add  the  head  dia.  zz  27  [ale  gall. 

294)47824,2(162,66  wine  gall. 
Mean  diameter  zz  32,6 
32»6 


Squared  1062,76 

ART.  52.  A  round  mafh  tub  is  42  inches  diameter  at  the  top,, 
within,  and  36  inches  at  the  bottom,  and  the  perpendicular  height 
48  inches  ;  Required  the  content  in  beer  and  wine  gallons*? 

This  being  the  lower  fruftrum  of  a  cone,  to  the  product  of  the 
diameters  add  |  of  the  fquare  of  their  difference  ;  multiply  this 
fum  by  the  length,  and  it  will  give  the  folidity  in  fuch  parts  as 
the  dimenfions  are  taken  in.  If  they  be  taken  in  inches,  divide 
by  359  fr>r  beer,  and  294  for  wine  gallons. 

42-36X42-36..  ,8  •   J359  ~  2°3*  ale  gall°nS* 
— -       - X  4*-r  (  294  __  8l8  j  wine  gallons. 

ART, 


A  N 
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ART.  53.  Let  the  difference  of  diameters  of  this  tub  be  6  inch 
es,  the  height  48  inches,  and  the  content  203 f  gallons,  to  find 
the  diameters  ? 

JVJultiply  the  content,  if  beer  meafure,  by  359  ;  if  wine  meafr 
ure,  by  294,  and  divide  the  product  by  the  length  :  From  the 
quotient  fubtract  %  of  the  fquare  .bf  the  difference  of  the  diame 
ters  ;  to  this  remainder  add  the  fquare  of  y  the  difference  of  the 
diameters,  and  extract  the  fquare  root  of  the  furn  ;  from  the 
fquare  root  fubtract  \  the  difference  of  the  diameters,  and  it  will 
give  the  leaft  diameter  to  great  exa&nefs,  to  which  add  the  dif 
ference  of  the  diameters,  and  the!  fum  is  the  greateft  diameter. 


48  3 

The  diameters  are  36  and  42. 

The  content  of  any  veflel,  in  gallons,  &c.  may  be  thus  found  : 
Meafure  the  infide  of  the  veffel,  according  to  the  rule  of  the  fig 
ure,  and  fin4  the  content  in  cubic  inches  ;  then, 

(1728          "|  f  cubic  feet. 

282  I  and  the  quotient  will  I  ale  or  beer  gallons. 

231  |  be  the  content  in       1  wine  gallons. 

2150,425  J  Lbufhels. 

ART.  54.  To  ullage  a  Cafk,  lying  on  one  fide,  by  the.  Gauging  Rod, 
when  the  Bung  Diameter,  and  the  Content,  one,  or  both,  are  grtaUr 
or  lejs  than  the  Table  on  the  Rod  is  made  for. 

RULE.— As  the  bung  diameter  of  the  cafk  to  be  meafured,  is 
to  the  bung  diameter  that  the  table  is  made  for  ;  fo  are  the  dry 
inches  of  the  cafk,  to  a  fourth  number,  which  find  in  the  table 
on  the  rod,  and  note  the  number  of  gallons  anfvvering  to  it. 
Then,  as  the  content  of  the  cafk  that  the  table  is  made  for,  is  to 
the  content  of  the  cafk  to  be  meafured  ;  fo  is  the  number  of  gal 
lons  anfwering  to  the  aforefaid/0«rM  number,  to  the  number  of 
gallons  your  cafk  wants  of  being  full. 

ART.  55.   Tojind  a  Ship's  Burthen,  or  to  Gauge  a  Ship. 

There  is  fuch  diverfity  in  the  forms  of  fhips,  that  no  general 
rule  can  be  applied  to  anfwer  all  varieties  ;  however,  the  follow 
ing  rules  are  practifed. 

RULE  i. — Multiply  the  breadth  at  the  main  beam,  half  the 
breadth,  and  length  together  :  Divide  the  product  by  94,  and  the 
quotient  is  the  tons. 

Ru:  K  2  —Divide  the  continued  product  of  the  length,  breadth 
an  '  :••  thj  in  feet,  by  »OO,  for  fhips  of  war,  and  95  for  merchant 
f  in  whir1-,  u  ahi-igr  is  allowed  for  guns,  &c,  arid  the  qup- 

tien.:  .us, 

Nun  'Rut  a 
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RULE  3.— Take  the  length,  from  the  ftern  poft  to  the  upper 
part  of  the  ftem  ;  fubtraft  two  thirds  of  her  breadth  from  that 
length  :  Multiply  the  remainder  by  the  whole  breadth;,  and  that 
produft  by  half  the  breadth,  in  feet,  and  divide  by  lOO  for  war, 
and  94.  for  merchant  tonnage. 

RULE  4. — The  weight  of  a  fhip's  burthen  is  half  the  weight 
of  water  fhe  can  hold. 

What  i$  the  tonnage  o£  a  fhip,  whofe  length  is  97  feet,  breadth 
31  feet,  and  depth  15!  feet  ? 


By  Rule  ijt. 


Breadth   3  i 

'55 

465 

480,5 
Length      9  7 

33635 
43245 

94)46608.5(495,83  tons. 


By  Rule  2d. 

% 

Length  97 
Breadth  31 

97 

291 

3007 
Depth  zz  15,5 


15035 

3007 

95)46608,5(490,61  tons, 


548 

470 

~?S~5 
752 

33° 
282 


100)46608,5(466  tons, 
400 

660 

600 


860 
855 


585 


600 


150 
95 


By 
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Ey  Rule  3. 
Length  =  97 
Subtra&  f  of  breadth  r=  20,66 

76»33 
Multiply  by  the  breadth        31 

7633 
22899 

2366,23 
Multiply  by  |  breadth      15,5 

1183115 
1183115 
236623 


94)36676,56^390,176  tons. 

Allowing  thf  Cubit,  as  it  is  found  by  modern  travellers,  to  be  82  inches^ 
the  content  of  Noah's  Ark  is  as  follows  ,  viz. 

Feet. 

Length  of  the  keel,  300!  Its  burthen  as  a  man  of  war 

Breadthby  the  mid  {hip  beam    50  >      27729  tons.  [tons. 

Depth  in  the  hold  3Oj  As  a  merchant  fhip,  29188,6" 

QUESTIONS  in  MENSURATION. 

1.  The  largeft  of  the  Egyptian  pyramids  is  fquare  at  the  bafe, 
and  meafures  693  feet  on  a  fide  ;  How  much  ground  does  it  cover  ? 

^QqS/6o<3  1764  ** 

—  -  21  zr  176400168,  and-  -+—  zz  n  acres  and  4  poles,  Anf. 
272,25  160 

2.  What  difference  is  there  between  a  floor  20  feet  fquare,  and 
two  others,  each  iO  feet  fquare  ? 


20X  20—  iox  10+  iOX  10  —  200  feet,  Anf. 

3.  There  is  a  fquare  of  2500  yards  in  area  ;  What  is  each  fide 
of  the  fquare,  and  the  breadth  of  a  walk  along  one  fide  and  one 
end,  which  may  take  up  juft  one  half  of  the  fquare  ? 

V25°°  =  50  yards,  each  fide.      -/1522  —  35,35,    and   50— 
35,35  rr  14,65  yards,  breadth  of  the  walk,  Anf. 

4.  A  pine  plank  is  16   feet  and  5  inches   long,  and  I  would 
have  juft  a  fquare  yard  flit  off  ;  At  what  diftan<ce  from  the  edge 
mufl  the  line  be  drawn  ? 

A  fquare   yard  zz  1296  inches,   and    16   feet  5  inches  rr  197 

inches.     Therefore,  —^—  ~  6fJ4  inches,    Anf. 
» 
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5.  If  the  area  of  a  triangle  be  900  yards,  and  the  -oerpendicu- 
lar  40  yards  ;,  Required  the  length  of  the  bafe  ? 

900  X  2 

6.  If  the  three  fides  of  a  plain  triangle  be  24,  16  and  12  perch 
es  ;    Required  its  are'a  ? 

24-j-.i6-f'12 

20;    2O-— -24  zz.  2  ;    20 — i&ZZlO;    26 — 12ZZ14, 

an  d  V &6X  14 X  *oX  2  —  85.32  perches,  —  area.  Again,  As  24 
:  i6-j-i2  :  :  16 — 12  :  4,6-}-,  the  difference  of  the  fegments  of  the 

bafe  ;  then,  12 ~ — —  9,6,  and  <J  12X  12—9,6x9,6  =   7,11 

the  perpendicular  on  the  longed  fide  ;  whence  24-7-2 X7>n  — - 
85.32,  area,  as  above. 

7.  Required  the  area  of  a  circular  garden,  whofe  diameter  is 
12  rods  ?  12X12X57854  =  11350976  poles,  Anf. 

8.  The  wheel  of  a  perambulator  turns  jufl  once  and  an  half  in 
a  rod  ;   What  is  its  diameter  ? 

^jSX-f-  —  i  J>  circumf.  and  it  XjSi^Qi  zz:  3^  feet, 

9.  Agreed  for  a  platform  to  the  curb  of^a  roun^I  well,  at 

per  fquare  foot  ;'  the  inward  part,  round  the  mouth  of  the  well, 
is  36  inches  diameter,  and  the  breadth  of  the  platform  was'tb  be 
15!  inches  ;  What  will  it  come  to  ? 

2zz:67   the    greateil    diameter  ;   67 x 67 X, 7854 — 
—        8507.8722 

-  _i i —  —  17,4157  fquare  feet,  at  1\d.  per 

144 


<iQ.  Required  the  difference  between  the  area  of  a  circle, 
whofe  radius  (or  ferrjidiamcter)  is  50  yards,  and  its  greatefb  in- 
K  i  'bed  fquare  ? 

5oX2=  100  the  diameter,  and  iooX  1 00X57854  zz:  7854  the 
area  of  the  circle  ;  then,  50 X  50 X  2  zz:  5000  the  area  of  the  great- 
ell  infc-ribed  fquare,  and  7854 — $OOO  zz:  2854  Anf. 

j  t.  There  is  a  feclion  of  a  tree  25  inches  over  ;  I  demand  the 
di  [Terence  of  the  areas  of  the  tnfcribed  and  circumfcribed  fquares, 
ar,d  hbw  far  they  differ  from  the  area  of  the  feftion  ? 

as  X  25— 1 2.5  x  *  2,5X  a  zz:  312,5  the  difference  of  the  fquares. 
25  X  25—25  X  25  X  ,7854  =  1 34»i2.5  the  circumfcribed  fquare,more 

than  the   feftion,  and  25  X  25  X  ,7^64— ».2s5  X  1 2,5 X  2  =  178,375 
infcribed  iqu  ;rc.  lefs  than  the  area  of  the  feclion. 

i?.  Four  men  bought  a  grmaftone  of  60  inches  diameter  ;  How 
much  of  its  diameter  muft  each  grind  off,  ta  have  an  equal  fhare 
of  the  (lone,  if  one  ftrffc  grind  his  fhare,  and  then  another,  till  the 
•  i-.  £row;vi  away,  making  no  allowance  for  the  eye  ? 

RULE, 
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RULE.—  Divide  the  fquare  of  the  diameter  by  the  number  of 
men,  fubtraft  the  quotient  from  the  fquare,  and  -extract  the  fquare 
root  of  the  remainder,  which  is  the  length  of  the  diameter  after 
the  firft  man  has  ground  his  {hare  ;  this  work  being  repeated  by 
fubtra&ing  the  fame  quotient  from  dgic  remainder,  for  every  man, 
to  the  laft  ;  extraft  the  fquare  root  of  the  remainders,  and  fub- 
traft  thofe  roots  from  the  diamelrr.s,  one  after  another  ;  the  fev- 
cral  remainders  will  be  the  anfwc'rs. 

60  From  60 

60  ti0      Take  5  1,96  15 

4)3600  ^Remains  8,0385  zn  tfl  (hare. 

Quot.  —   900  From  51,9615 

Take  4^,4264 
From  3600 
Take     900  Rem.     9,5351  zr  ad  fhare. 

I/  ^700^=5  1,96  15,  to  be  taken  from  60, 
Subt.    900  From  42,4264 

1/1800—42,4264,^00151,9615     Take  30 

Subt.  900^ 

r—  —  r  Rcm.  i2,4264=Qd  fhare, 

^  9oo  zr  30,  from  42,4a64 

And  30  inch,  zr  4th  fliare. 

13.  If  a  cubic  foot  of  iron  were  hammered,  or  drawn,  into  a 
fquare  bar,  an  inch  about,  that  is,  \  of  an  inch  fquare  ;  Requir 
ed  its  length,  fuppofing  there  is  no  wafte  of  metal  ? 

2  ^^  1  2 

=16912  inches,  —  576  feet,  Anf. 


,  25  X,  25X4 

14.  Required  the  axis  of  a   globe,  whofe  folidity  may  be  jufl 
equal  to  the  area  of  its  furface  ? 

r  -     . 
—  o  inches,  /Inf. 

.  A  joift  is  7!  inches  wide,  and  2|  thick  ;  but  I  want  one 
juft  twice  as  large,  which  fhall  be  3!  inches  thick  ;  What  will 
be  the  breadth  ? 

Zji2l!l2_5Xf 

37C  J 

i75 

16.  I  have  a  fquare  flick  of  timber  18  inches  by  14  ;  but  one 
of  a  third  part  of  the  timber  in  it,  provided  it  be  8  inches  deep, 
will  ferve  ;  How  wide  will  it  be  ? 

1-^-i-  4.  8  —  10}  inches,  Anf. 

17.  A  had  a  beam  of  oak  timber  18  inches  fquare  throughout, 
and  25  feet  long,  which  h«e  bartered  with  B,  for  an  equilateral 

triangular 
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triangular  beam  of  the  fame  length,  each  fide  24  inches  ;  Re 
quired  the  balance,  at  is.  ±d.  per  foot  ? 

-  ^—  rr  56,25  folidity  of  the  fquare  beam. 

14.4 

The  perpendicular  let  fallen  one  of  the  fides  of  the  triangular 

beam  is  21  inches,  and  tne  half  p^rp.zzi  0.5;  then,  —  —  -  ^zzi,75 

•    *  J44 

foot,  area  at  the  end,  and  i,75X25  ~  43?79  feet,  folidity  of  the 
triangular  beam  ;  therefore  5^  £5  —  43,75  zz  12,5  feet,  at  is.  $d. 
per  foot  zz  i6s.  8d.  balance  dud  to  A,  Anf. 

18.  What  is  the  difference  between  a  folid  half  foot,  and  half 
a  foot  folid  ? 


1  2  X 

—  —  g  —  —  zz  4,  therefore,  one  is  but  £  of  the  other. 

19.  A  lent  B  a  folid  flack   of  hay,  meafuring    20    feet   every 
way  ;  fometime  afterward,  B  returned  a  quantity,  meafuring  ev 
ery  way  10  feet  ;  What  proportion  of  the  hay  remains  due  ? 

20X20x20  —  ioX  'OX  10  —  7000  feet  zz  £  Anf. 

20.  A  fhip's  hold   is   75^  feet  long,  i8-J  wide,  and  >j\  deep  ; 
How  many'bales  of  goods  3}  feet  long,  2\  deep,  ani  2|  wide,  may 
be  (lowed  therein,  leaving  a   gang   way  the  whole  length,  of  3! 
feet  wide  ? 


3,5  Xa,25-x  2,75 

21.  If  a  flick  of  timber  be  2O-|  feet  long,  16  inches  broad,  and 
8  inches  thick,  and    3!  folid   feet  be  fawed  off  one   end  ;  How 
long  will  the  flick  then  be  ? 

sol-      |p|^  =  16  feet,  6|  inches,  Anf. 

22.  The  folid   content  of  a    fquare    flone    is   found  to  be  136^ 
feet  ;   its  length  is  9^  feet  ;  What  is  the  area  of  one  end  ?  and  if 
the  breadth  be  3  feet  n  inches  ;  What  is  the  depth  ? 

jq6,cX'728  .2060.0^26 

_jL_!^___i  —  ^r:  area  2060.05:6  inches,  and  —  ~^  —  zr  44,022 
9-5X12  47 

inches,  Anf. 

•  23.  I  would  have  a  cubic  box  made  capable  of  receiving,  ju  ft 
50  bufhels,  the  bufhel  containing  2150,425  folid  inches  ;  What 
will  be  the  length  of  the  fide  ? 

V2!50:4X50  zz  47,55  inches. 

24.  A  ftatute  bufhel  is  to  be  made  8  inches  hi-h,and  i  8|  inch 
es  diameter,  to  contain  2,176  cubic  inches  ;  (though  the  content 
of  the  dimenfions  is  but  2150,425  inches)  1  demand  what  the  di 
ameter  of  the  bufhel  mufl  be,  the  height  being  8  inches  ;  and 

s  what 
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what  the  height,  the  diameter  being  i8|  inches,  to  contain  2176 
cubic  inches  ? 

Solidity.  _..  _  _  _  , 

Height  zz  8)2176  and  V272X  l,273  =  l8>6  diameter.     18,5* 

-        i«.5X57854  ==  268,80315  —  3163,  and  the 

Area  zz    272         folidity  2i76~268,8zz  8,0956  inches,  hht. 

25.  There  is  a  garden  rolling  flcne  66  inches  in  circumference, 
and  3}  cubic  feet   are  to  be  cut  off  from  one  end,  perpendicular 
to  the  axis  :   Where  muft  the  ftftion  be  made  ? 

'.','••*  1  *7  2  8  y  Q   C 

—  —  --  —  —  •  14,65  inches  from  one  end.  Anf. 
Areazz      412,5 

26.  I  would  have  a  fyringe  of  \\  inch  diameter  in  the  bore  to 
hold  a   quart,   wine  *  meafure  ;  What  muft  be  the  length  of  the 
pifton,  fufficient  to  make  an  injeftiqn  with  ? 

1»5Xi9SXs7854=»j76715>  and  231  —  4  —  57>75    the   cubic 
inches  in  a  quart,  then,  ~  32,679  inches,  Anf. 

27.  If  a  round  pillar,  9  inches  diameter,  contain  5  feet  ;  Of 
what  diameter  is  that  column,  of  equal  length,  which  meafures 
1O  times  as  much  ? 

As  5  :  9X9*::  £X  iO  :  810,  and  </8*Ozz  28,46  inches,  Anf. 

28.  There  is  a  fquare  pyramid,  each  fide  of  whofe  bafe  is  30 
inches,  and  whofe  perpendicular  height  is  120  inches,  to  be  di 
vided  by  fe&ions  parallel  to  its  bafe  into  3  equal  parts  :  Requir 
ed  the  perpendicular  height  of  each  part  ? 

30X30x40  zz  36000  the  folidity  in  inches,  now  -f  thereof  is 
24000,  and  -^  is  12000.     Therefore, 


^1152000  —  104,8.  Alfo,  1/576000  zz  83,2.  Then,  120  — 
104,8  z=  15,2  length  of  the  thickeft  part,  and  104,8  —  83,2  —  '  21,6 
length  of  the  middle  part,  confequently  83,2  is  the  length  of  the 
top  part.  , 

"  29.  Suppofe  the  diameter  of  the  bafe  of  a  conical  ingot  of  gold 
to  be  3  inches,  and  its  height  9  inches  ;  What  length  of  wire 
may  be  expefted  from  it,  without  lofs  of  metal,  the  diameter  of 
the  wire  being  one  hundredth  part  of  an  inch  ? 

3  X3X,  7854X3  =z  21,2058  the  folidity  of  the  cone. 

2  1    2058 

-  -—  --  ::  —  zz  270000  inch,  zz  4  miles,  and  460  yds.  Anf. 

30.  Suppofe  a  pole  to  (land  on  an  horizontal  plane  75  feet  in 
height  above  the  furface  :  At  what  height  from  the  ground  muft 
it  he  cut  off,  fo  as  that  the  top  of  it  may  fall  on  a  point  55  feet 
from  the  botiom  of  the  pole,  the  end,  where  it  was  cut  off,  reft- 
ing  on  the  ftump,  or  upright  part  ? 

As 
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As  the  whole  length  of  the  pole  is  equal  to  the  f.m  of  the  hy* 
pothenufe  and  perpendicular  of  a  triangle,  (the  55  feet  on  the 
ground  being  the  bafe)  this,  as  well  as  the  following  queftion, 
may  be  folved  by  this 

RULE.  —  From  the  fquare  of  the  length  of  the  pole  (that  is,  of 
the  fum  of  the  hypothenufe  an$  perpendicular)  take  the  fquare 
of  the  bafe  ;  divide  the  remainder  by  twice  the  length  of  the 
pole,  and  the  quotient  will  be  the  perpendicular,  or  height  at 
which  it  muft  be  cut  off. 

75X75r56XS5==|  ?|  feet,  ^ 

75X2 

31.  Suppofe  a  fhip  fails  from  lat.  43°,  north,  between  north 
and  eaft,  till  her  departure  from  the  meridian  be  45  leagues,  and 
the  fum  of  her  diftance  and  difference  of  latitude  to  be  135 
leagues  ;  I  demand  her  diflance  failed,  and  latitude  come  to  ? 

;  35—45X45  __  6o  leagueS}  and  6oX3~  180  miles  =  3 


degrees  the  difference  of  latitude,  135—  oo  1=175  leagues  the  dif 
tance.  Now,  as  the  ve'ffel  is  failing  from  the  equator,  and  con- 
fequently  the  latitude  is  increafing  :  Therefore, 

To  the  latitude  failed  from  4395OC/AT. 

Add  the  difference  of  latitude         3  ,00 

And  the  fum  is  the  lat,  come  to  ~  46 


AN 
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INTRODUCTION  TO  ALGEBRA, 


FOR       THE 


USE      OF      ACADEMIES. 


DEFINITIONS. 

A    LGEBRA  is  the  art  of  computing  by  fymbols. 
jLjL   i.  Like  quantities  are  thofe  which  confift  of  the  fame  letters. 

2.  Unlike  qudntities  are  thofe  which  confift  of  different  letters. 

3.  Given  quantities  are  thofe  whofe  values  are  known. 

4.  Unknown  quantities  are  thofe  whofe  values  are  unknown. 

5.  Simple  quantities  are  thofe  which  confift  of  one  term  only. 

6.  Compound  quantities  are  thofe  which  confift  of  feveral  terms. 

7.  Pofitive  or  affirmative  quantities  are  thofe  to  be  added. 

8.  Negative  quantities  are  thofe  to  be  fubtracled. 

9.  Like  figris  are  all  -f-  or  all  — . 

10.  Unlike  figns  are  -f-  and  — . 

11.  The  coefficient  of  any  quantity  is  the  number  prefixed  to  it. 

12.  A  binomial  quantity   is  one  confifting  of  two  terms  ;  a  tri 
nomial,  of  three  terms  ;  and  a  quadrinomial,  of  four  terms,  &c. 

13.  A  rejidual  quantity  is  a  binomial,  where  one  of  the  terms  is 
a  negative.  , 

In  the  computation  of  problems,  the  firft  letters  of  the  alpha 
bet  are  put   for  known    quantities,  and  Jotters  of  the  latter  part 
of  the  alphabet  for  thofe  which  are  unknown. 
AXIOMS. 

1.  If  equal  quantities  be  added  to,  fubt  rafted  from,  multiplied 
or  divided  by, equal  quantities,  the  wholes,  remainders,  products 
and  quotients  will  be  refpeflively  equal. 

2.  The  equal  powers  or  roots  of  equal  quantities  are  equal. 

3.  Two  quantities  refpeclively  equal  to   a  third,   are  equal  to 
each  other. 

4.  The  whole  is  equal  to  all  its  parts  taken  together. 

ADDITION. 

CASE  I.   To  add  quantities  which  are  alike,  and  have  like  figns.* 
RULE. — Add  all  the  coefficients  together,  and  to  their  fum  ad 
join  the  letters  common  to  each  term,  prefixing  the  common  fign. 

Sa 

*  When  a  leading  quant-' ty  has  no  fign  before  rty.-4-  is  always  underftood  ;  and  a 
quantity  without  any  coefficient  prefixed  to  it,  is  fuppofed  to  have  unity,  of  i. 

O  o  o 
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^a  — 6&r  %bru  gr2   4-     ru  jar « 

ja  — 3^r      ^bru      3*2  4.  2ru  Bar —  3^ 

8tz  — zbr      %bru       r2  4-  3rM  6ar ^21* 

ioa  — ^br      ^bru      'jr2  4.  8rw  ^ar 3^ 

«  — 5^r       ^«      2r2  4-  iru  *ar —  zu 


CASE  II.   To  add  quantities  which  arc  like,  but  have  unlike  figns. 

RULE  i.  Add  all  the  affirmative  coefficients  intp  one  fum,  and 
all  the  negative  ones  into  a-nother. 

2.  Subtraft  the  leaft  fum  from  the  greateft,  and  to  the  differ 
ence  prefix  the  fign  of  the  greateft,  with  the  common  quantity. 


~3r«4-   7     —  lOr2—  32/4- 


—  7/34.192*  %>  4.  4r2    *    —  5-/r 

CASE  III.  To  add  quantities  which  arc  unlike^  and  have,  unlikt  figns* 

RULE.—  Collect  the  like  quantities  together  by  the  laft  rule, 
and  fet  down  thofe  which  are  unlike,  one  after  another,  with 
their  proper  figns. 

2r  2r  —  r2 

3^  3<z  —  r  tzar  —  r2  — 

—  a  zai-\-6rz  —  6ar-\-rz  — 

r3  sVr  —  2flr  Su  —  ar  —  4  — 


a  +  r*         r  +  $r*  4-3^4-3  -/r  5<zr—  ^ar—  rz—r-\-$u 

SUBTRACTION. 

RULE.  —  Change  the  figns  of  all  the  quantities  to  be  fubtrafted, 
and  then  add  them  together,  as  in  Addition. 


MULTIPLICATION. 
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MULTIPLICATION. 
CASE  I.  To  multiply  fimple  quantities, 

RULE.—  Multiply  the  coefficients  of  ^he  two  terms  together^ 
and  to  the  product  annex  all  the  letters  in  thofe  terms, 
Note,  Like  figns  produce  -J-,  and  unlike  figns  —  , 

za       —  2<3  5<z         —  9>"         6a2r         —  r2u         —  yru 

—  6r          —     ^  r  ru*         —  ru 


CASE  II.  WJien  one  of  thefaclors  is  a  compound  quantity. 

RULE.  —  Find  the  produ&s  of  the  multiplier  and  every  partic 
ular  term  of  the  multiplicand  feparately,  and  place  them  one  af 
ter  another  with  their  proper  figns. 
45  —  26  6ru  —  8  8<z2  —  2r-f-6  3«  —  S-^zru 

a  2r  ru  ru 


iir»»— 167 

CASE  III,  When  both,  the faElors  are  compound  quantities. 

RULE. — Multiply  every  particular  term  of  the  multiplier  into 
every  term  of  the  multiplicand  refpeftively,  and  fet  down  the 
produces  one  after  another  with  their  proper  figns,  and  their  funi 
will  be  the  Whole  product. 

r-\-u  r—-u  gr2 — 2rw-j~  5 

r-f-w  r — u 


— 9r*      ~f"  bru — 15 


When  two  furd  numbers  are  to  be  multiplied  together,  multi 
ply  them  without  any  regard  to  the  radical  fign,  and  prefix  the 
radical  ftgn  to  the  produft.  Thus, 


DIVISION. 

CASE   I,   When  the  divifor  is  a  fimple  quantity. 

RULE  i. —Place  the  dividend  above  a  line,  and  the  divifor  un 
der  it,  like  a  vulgar  fraction, 

s',  Expunge 
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2.  Expunge  thofe  letters  which  are  common  to  both  the  fa&ors, 
and  divide  the  coefficients  of  all  the  terms  by  any  number  which 
will  divide  them.'  without  a  remainder. 

Note.  Like  figns  make  rfr,  and  unlike  figns  —  ,  as  in  Multipli 
cation. 
a  %bc  abc 


CASE  II.   When  the  divifor  and  dividend  are  both  compound  quantities, 

RULE  i.—  Range  the  terms  of  both  the  quantities  according  to 
the  dimensions  of  fome  letter  in  them,  fo  that  the  firft  term  may 
have  the  higheft  power  of  that  letter,  and  the  fecond  term  the 
next  higheft.  power  ;  and  fo  on. 

2.  Divide  the  firft  term  of  the  dividend  by  the  firft  term  of  the 
eHvifor,  and  place  the  refult  in  the  quotient. 

3.  Multiply  the  whole  divifor  by  the  quotient  term  laft  found, 
and  fubtrati  the  refult  from  the  dividend. 

4.  To   this  remainder  bring  down  the  next  term  of  the   divi-? 
dend  and  divide  as  before,  and  fo  on:  as  in  common  arithmetic, 


a—r)a* — r3(a1-f-<2r~f-r* 
_6rz-}-27r  a 


gr  —  27  fir1"  —  r3 


* 

ALGEBRAIC 
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ALGEBRAIC     FRACTIONS. 

PROBLEM  I.  To  reduce  a  mixed  quantity  t&  an  improper  Jracliun. 

RULE. — Multiply  the  integer  by  the  denominator  of  the  rlac- 
£i©n,  and  to  the  product  add  the  numerator,  and  the  denomina 
tor  being  placed  under  this  fum  will  give  the  improper  fraction 
j-equired. 

r2         cr-f-r2  b      _  ac-r-b  zr         a — zr 

r^"7==   ~~a       J          "  T  ~~~       c      ;  "  IT  ~       a       ' 

'  az — ar a2 — ra 

PR  o  B  .  II.   To  reduce  an  improper  fraction  to  a  whole,  or  mixed  quantity. 

RULE.- — Divide  the  numerator  by  the  denominator,  for  the  in 
tegral  part,  and  place  the  remainder  over  the  denominator,  for 
the  fractional  part. 
0r-f.02  i    £L  .  ^w+2w2  ,      u*        ab~a*  _  az 

r r   '      a-\~u  a~\~u  '        ~b  ~  ~b     ' 

a — r  a — r" 

PROS.  III.   To  reduce  fractions  of  different  denominators,  to  thofe  of 
thejame  value,  zu hie h  Jhall  have  a  common  denominator. 

RUI.&.— Multiply  every  numerator  feparately  into  all  the  de 
nominators  but  its  own,  for  new  numerators,  and  all  the  denom 
inators  together,  for  a  common  denominator. 

1.  Reduce  -7-    and  —  to   fractions  of  equal  values,  having  a 

icommon  denominator. 

#XC  ~  ac  new  numer.         ac  b^ 

b^b  =  b*  new  numer.         ~fc  Tc  =:  fraaions  required. 

^Xc  <==-  &c  common  denominator. 

2.  Reduce -7-,  — &--to  equivalent   fractions,  having  a  com- 


, 
mon  denominator 


acd 


PROB.  IV.    Tojind  the  greatejl  common  meafure  of  a  fraction. 

RULE  i.  Range  the  quantities  according  to  the  dimenfions  of 
fome  letter,  as  was  fljewn  in  divifion. 

2.  Divide 
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2.  Divide  the  greater  term  by  the  lefs,  and  the  hft  divifo/by 
the  laft  remainder,  and  fo  on,  till  nothing  remain,  and  the  divi- 
for  laft  ufed,  will  be  the  common  meafure  required. 

Note.  All  the  letters  or  figures,  which  are  common  to  the  divi- 
for,  and  dividend,  muft  be  cancelled  in  the  divifor  before  they 
be  ufed  in  the  operation. 

cr-|-rs 

To  find  the  greateft  common  meafure  of  — --2- 

ca2+a2r 

*  cr-f-r2)ciZ2-|-a2r 
Or,  c-fr)c02-j-aar(a2 
ca2+a2r 

Therefore  the  greateft          « . 

common  meafure  is  c-f  r.  ^c 

2.  To  find  the  greateft  common  meafure  of 


Or,  r  -f-  b     )r2-2^ 
r2-f-  br 


Therefore  rJ^b  is  the  great- 
eft  common  divifor. 


PR  OB.  V.  To  reduce  afraffiion  to  its  lowcfl  terms. 

RULE  i.  —  Find  the  greateft  common  meafure,  as  in  the  laft 
problem. 

2.  Divide  both  the  terms  of  the  fraction  by  the  common  meaf 
ure  thus  found.  i.  Reduce 

*  Here  I  find  that  r  is  common  to  both  divifor   and  dividend,  I  therefore  cancel 
r  in  the  divifor,  that  is,  i  divide  cr-J-r2  by  r,  and  c-J-ris  the  quotient  :  Thus» 
r)cr-\-ri(c-{-rt  for  the  divifor. 
cr 


+  Here  —  zbr  is  common  to  the  divifor  and  dividend  ;  1  therefore  firft  divide 
—  »ibrz  —  2^2r  by  r,  and  the  quotient  is  —  zbr  —  2^2,  thus, 

r]  —  zbr*  —  zbzr(  —  zbr  —  zb2  I  then  divide  —  zor—zb2  by  —  2^,  and  the  qu6- 

'  —  zbr2  tient  is  r-J-*,  thus, 

—  2^)  —  zbr  —  zbz(r-\-bt  for  the  divifor. 


—2*2 
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cr+r2 


-,-«,   , 

I       2  \       21        2*. 

cr~f-r   if  <z  -4~a  r 
Or,  c-f-r  )ca24-a2r(a* 


Therefore,  c-f-r  is  the  greateft  common  meafure, 

and  c-f-r  )  —  —  -  (  —  zr  fra&ion  required. 
r  /c02+a2r\a2 


2.    Reduce  -  -  -  -  —  to  its  loweft  terms. 


Or,     r+^  )r2 


Therefore  r-j-5  is  the  greateft 
ecmmon  meafure,  and 


=  fraftion  required. 


PR  OB.  VI.   To  add  fractional  quantities  together. 

RULE  i.  Reduce  the  fractions  to  a  common  denominator. 
2.  Add  all  the  numerators  together,  and  under  their  fum  write 
the  common  denominator. 


7^  Y 

i.    Add  —  and  — . 
2  3 


2.    Add  -_,   L  and  1. 
b      a 


aXdXf^adf    adf       df_       eld^  _  adf+df+^d  __ 


.  Add 
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3.  Add  &  —  2l!  and  b  + 


—  30-2  —  26  ? 

2-_  --  == 

PROS.  VII.   ToJubtraEl  onejra&ional  quantity  from  another, 

RULE  1.  —  Reduce  the  fractions  to  a  common  denominator. 
2.  Subtraft  the  numerators,  and  under  tkeir  difference  writs 
the  common  denominator. 

A-  toy 

1.  Reouired  the  difference  of  —  and  —  ? 

3  1J 

r     i1  —  nr 

6r        5r  < 

—  •  --  zz  ~  rz  difference,* 


3X11—33  33       33       33 


a.  What  is  the  difference  of        -  and  -  ? 


=r  difference,, 


P  R  o  B  .  VI  1  1.  To  multiply  f  rational  quantities. 

RULE.—  Multiply  the  numerators  together  for  a  new  numera 
tor,  and  the  denominators,  for  a  new  denominator. 

r  ar 

1,  Multiply—  and  —  together. 


-  rz  —  zz  —  zz  product. 

6X9  J        54        27        f 

2.  Find  the  produft  of  —  ,    ~  antl 


25  21 

dua 

3.  Find 
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2.  Find  the  produft  of  —  and  —  •—  . 
a         fi--c 


PROB.  IX.   To  divide  cnz  fractional  quant: 

RULE.  —  Invert  the  divifor,  and  proceed  as  in  multipli-. 

r          zr          r          o         qr          q 

i.  Divide—  by  —  .       —  X  —  zz  -^-zz—zz:  i|  zr  quotient, 
3          9          3        ar        6r 


2.  Divide  —  by  -j. 

3.  Divide 


b 
r-f* 


-r-X  —  zz  —  r-  ~  —  r  ~  quotient. 


2r  —  2 


rr  quotient 


I     N  ,  V    O     L     U     T     I     O     N. 

Involution  is  the  railing  of  powers  from 
or  the  method  of  finding  the  fquare,  cube,  biquadratc, 
given  quantity. 

RULE.  —  Multiply  the  quantity  into  itf 
by  the  index,  and  the  laft  pro'duft  will  be  th 

Or,   Multiply  the  index   of   the  quantity  by   the  in 
power,  and  the  refult  will  be  the  fame  as  befo 

Note.     When   the  fign   of  the  root   is  -|-   all  tl: 
will  be  -f-  >  an(^  wnen  the  fign  is  —  ,  all  the  odd  pov. 
—  -,  and  all  the  even  powers  -f^. 
nz  fquare. 


zz  fquare. 
=  cube.. 
zr:  4th  -power. 
zz  5th  power. 


4<z2r4   zz  fquare. 
—  8#3r6   zzcub-e.  3 

zz  4th  pow.     Root  zz — <•'  — zzcub 
^z:  gth  pow,  c 


Ppp 
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zr  fquare. 
yw 

3*"^ 


8«3r6 
r    =:  cu°e' 


zz  fquare« 


-f-a3  rz  cube. 

r  +  a 


4-  

ZZ  biquadrate, 


Of  the  Competition  and  Rejolution  ef  a  Square  raifed  from  a  Binomial 

Root. 

A  biriomial  is  a  quantity  confifting  of  two  parts  or  members 

b 
conne&ed  together  by  the  fign  4"  or  —  j  as  ^+ 


r  —  ~,  and  a  Tquare  raifed  from  a  binomial  root  is  nothing  elfe 
but  the  fquare  of  fuch  a  quantity  :  Thus,  the  fquare  of  r-j  --  is 
7-3-j.£r.^  —  ,  and  that  of  r  --  is  r2  —  £r-|  —  . 
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r* 

4  24 


a  ,  t      A     , 

yz 1 —-  r*-~br-\ 

24  4  2     r4  4 

The  difference  between  thefe  two  fquares  arifes  from  the  dif 
ferent  fign  of  £,  and  that  onlv  affe&s  the  fecond  member  ;  for  the 

bb 

third  member  —  will  be  the  fame,  whether  the  quantity  £  be  af 
firmative  or  negative  ;  therefore,  if  thofe  cafes  be  thrown  into  one, 
it  will  fland  thus :  The  fquare  of  r±  —  ;  viz.  +  br  when  the 

b  b 

root  is  r  -j ,  and  —  br  when  the  root  is  r .     Now,  of    the 

three  members,  which  compofe  this  fquare,  the  firft,  r-  is  the 
fquare  of  r,  the  fecond,  ±  br  is  the  root  of  that  fquare  multipli- 

foz 

-cd  into  the  coefficient  it  b}  and  the  third  member,  —   is   the 

b 

•fquare  of  ±  — ,  that  is,  the  fquare  of  half  the  coefficient  of  the  fec 
ond  memker ;  whence  may  be  deduced  the  following  obfervations. 
I.  Any  quantity  confiding  of  two  members,  as  r2-  ±.  br.  where 
of  one,  as  ra  is  a  fquare,  and  the  other  ±  br  is  the  root  of  that 
fqaare  multiplied  into  fame  given  coefficient  ±  b9  it  may  be  con- 
.fidered  as  an  imperfeft  fquare  raifed  from  a  binomial  root,  and 

b7' 
may  eafily  be  completed  by  adding — ,  that  is,  by  adding  the  fquare 

of  half  the  coefficient  of  r  in  the  fecond  term  ;  thus  r2-j-6r,  when 

completed,  is  rz4-Gr-f-9  ;  iP+y  becomes  r"-j-3r-|~  ^-}  bccaufe 

4 

half  the  coefficient  3  is-2..  Again,  r^-f-Hl  becomrs  ?2-f-  —   -j-  -i.? 

o  39 

bccaufe  half  the  coefficient  is  — ,  the  fquare  of  which  is   —  :  Laft- 

br.  br      3   b*  9    b 

Jy,  rz  —  —  becomes  r1 j :  For  the  coefficient  is ,  its 

<*  a          4«a  a 

half ,  and  the  fquare — . 

2<*  <r*  2. 
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The  root  of  fi4ch  a  i  cm  a  re,  when  completed,  th?t  is,  the  root 

b*  b 

±  br  -j  --  will  always  be  r  ±  —  ,  that  is,  it  will  always  be 

".rf!.  together  with  half  the  coefficient  of 
square  root  of  ra-f-6r-|-9  will  be  r-f-y,  that 

-  ..;__2_  wiH  bs   r  4-.-2-,  that  of  r*  -j-  21  4-  -i   will    be 
*  2  3         9 

—    and  laftly,  th?.f  of  r*  ---  j  ---  will  be  r  --  . 
3  '  a       4.a2  2  a 

ISAAC  >  E  yir  raifing  a  binomial  or  refidual 

to  any  $  QIC  cr  u/iattver, 

i.   ^  '.     •  -"  without  the  coefficients  . 

ntof 

illy  by  i,  in  •  very 
ind  in  t\-f  fdllpwip^  quantity   the  indices  of  the 

,  2?  3s  4?  &£• 

2.   To  find  the  uncice  or  coefficients. 

d  is  the  index  of  the  pow- 
nt  of  any  term  be  multipli- 
ing  qu-jJitky,  and  the  product   be  di 
ns  to  that  place,  it  will  give  the  co- 
il     >f  the  t'":rrn  r.c  . 

of  terms  will  be  one  more  than  the 

er  ;  and  when  both  terms  of  the  root  are 

r  will  be  -f-  ;  but  if  the  fecond  term 

___  terms  will  be  -|-.  and  the  even  terms  —  ••« 

i.   Let  fi-f-r  be  involved  to  the  fifth  power. 
The  terms  without  the  coefficients  will  be  tf  5    ,<24rsa3rz   ,<2ar3 

5X4    10X3    l0Xa   5X1 
nd  the  coefHcients  will  be  1,5,  -  ,  -  -,  -  —  ,  -  -  , 


ea 


r2  the  5th  power  is  a 

r—»a  }•••:  ir.volvcd  to  the  6th  power. 

•.j  coefficients  will  be  rs 

Sclents  will  be  1:6, 
-  —  -,  -'---  -or  i.65i  -,20,15^6,1  ;  and  therefore  the  6th 


'~-    ?-(Z--*5rtf  —  27^-l5ri:i 
E     V     O     L     IT     T     I     O     N. 

nd  teaches  to  find  the 

CASE 
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CASE  I.  .To  find  the  roots  offimplt  qu 

-Extraa  the  root  of  the  cc-'  umerkat 

part,  and  divide  the  index  of  the  letters  by  ilic  inacxoi 
er,  and  it  will  give  the  root  required. 

1.  The  fquare  root  of  9^2  z=  3^'  z=.  %r. 
a.  The  cube  root  of  8/3  zr  ar"3"  —  ar. 

2    6 

3.  The  fquare  root!  of  3«aV6  =  «2>T  if  3'=  flf'3  /3- 

•4.  The  cube  root  of  —  tz^r6  =:  —  5<i*r*  zz  —  ^:  -!, 

4    4 
5.  The  Uiquadrate  root  of  i6<24f  8  rr  2^"  r*  nr  s^r2. 

CASE  II.   To  fad  the  fquare  root  of  a  cc^pound  quantity. 

RULC  i.  —  Range  the  quantities  according  to  the  'dimensions  of 
feme  letter,  and  let  the  root  of  the  firfl  term  in  the  quotient. 

2,  Subtract  the  fquare  of  the  root,  thus  found,  from  the   firit 
term,  and  bring  down  the  two  next  terms  to  the  remainder,  for  a 
dividend. 

3,  Divide  the  dividend  by  double  the  root,  and  fct  the  refult 
in  the  quotient. 

4.  Multiply  the   divifor  and  quotient  by  the   term  lafl  put  in 
the  quotient,  aud  fubtraft  the  product  from  the  dividend,  and  fo 
/on,  as  in  common  Arithmetic* 

j.  Extfaft  the  fquare  root  of  4^4-f-l2^3r'4-t  3^2^2-f-^^r3-j-r4« 


o,a 


# 

e,  Extraft  the  fquare  loot  of  r4 — 4r3-f-6r2— 

r4 
2r2  —  2r)— 


CA 
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CASE  III.  Tojind  the  roots  of  powers  in  general* 

RULE  i.— Find  the  root  of  the  firft  term,  and  place  it  in  th* 
quotient. 

2.  Subtract  the  power,  and  bring  down  the  fecond  term  for  a 
dividend. 

3.  Involve  the  root,  laft  found,  to  the  next  loweft  power,  and 
multiply  it  by  the  index  of  the  given  power,  for  a  divifor. 

4.  Divide  the  dividend  by  the  diviibr,  and  the  quotient  will 
be  the  next  term  of  the  root. 

5.  Involve  the  whole  root,  and  fubtraft  and  divide  as  before  5 
and  fo  on  till  the  whole  be  finished. 

i.  Required  the  fquare  root  of  a4 — 2fl3r-j-3a2r2 — 20r3«J-r4« 


2  —  2flr3-f»r4 


2.  Extrafl:  the  cube  root  of  r6-f-6y5—  4or3-f-96r  —  64 


—  64 


INFINITE        SERIES. 

An  Infinite  Series  is  formed  from  a  vulgar  fra£Uon,  having  a 
compound  denominator,  or  by  extracting  the  root  of  a  furd  quan 
tity  ;  and  is  fuch,  as,  being  continued,  would  run  ontfd  infinitum^ 
in  the  manner  of  a  decimal  fraction.  And,  by  obtaining  a  few 
of  the  firft  terms,  the  law  of  the  progreflion  will  be  manifeft,  fo 
that  the  feries  may  be  continued,  without  adually  performing  the 
whole  operation. 

PROBLEM 
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PROBLEM  I.  To  reduce  fractional  quantities  into  infinite  Jeries* 

RULE. — Divide  the  numerator  by  the  denominator,  and  the  op 
eration  continued,  as  far  as  fhall  be  thought  neceflary,  will  giv« 
the  operation  required. 

i.  Let  — -—  be  thrown  into  an  infinite  feries. 


k°'     s.  Let  •—  be  throw* 

into  an  infinite  feries. 
r — r2  i— r 

~r 
4-r— r2 


-f  r4,  &c. 

3.  Let  -—  be  propofed, 


be  propofed. 


—  r 


<z 

r3 


a3 


PR  .  I.  To  rfface  a  i 

RULE.—  ^  fuch  degree  of  exa&neis  as  fh. 

thought  r 

Extract  the  iqaare  root  of  a2--}-?2'  in  an  infinite  fc 

r2          r4  r6 


2*4-  —  )r2 

"+£ 


r*         r*  \        r* 

"""" 


?4 
r        ~J 


ARITHMETICAL    PROPORTION. 

y4  Smtt  :/  Proportion  is  thus  expreffed,  a,a-\-b,aJ^ 

±5,a-f-3^,fl+4^,  &c.  Here  the  common  difference  is  3.  bee  page 
218,  &c. 

Note'.  The  mcft  ufeful  part  of  Arithmetical  Proportion  is  con 
tained  in  the  ill,  3d,  and  4th,  Theorems. 

GEOMETRICAL  PROPORTION. 

A  Series  in  Geometrical  Proportion  is  thus  expreffed,  a)artar'liar39 
«r4,  &c.  Here  r  is  the  ratio.  See  page  235.  &c. 

.  The  mofl  ufeful  part  of  Geometrical  Proportion  is  con 
tained  in  the  ift,  3d,  5th  and  8th,  Theorems. 

SIMPLE      EQUATIONS. 

An  Equation  is  the  comparing  of  two  equal  quantities  which 
are  differently  expreffed,  together,  by  means  of  the  fign  =  placed 
between  them. 

Thus  12 — 7  zz  5  is  an  equation,  expreffing  the  equality  of  the 
quantities  12—7  and  5. 
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A  Simple:  Equation  is  that  which  contains  only  one  unknown' 
Quantity,  without   including  its   power.     Thus  r  —  a-\-b  —  c  is  a 
firnple  equation,  containing  only  the  unknown  quantity  r. 

Reduction  of  Equations  is  the  method  of  finding  the  value  of 
the  unknown  quantity  ;  which  is  (hewn  in  the  following  rules. 

RULE  i.—Any  quantity  may  be  tranfpofed  from  one  fide  of 
the  equation  to  the  other,  by  changing  its  fign. 

Thus,  if  r-|-3  zz  7,  then  will  r  zz  7  —  3  —  4.  And,  if  r  —  44. 
6  zz  8,  then  will  r  zz  8+4  —  &  :=  &•  Alfo,  if  r-—  a  +  b  zz  c  —  d, 
then  will  r  zz  c  —  d-\~a  —  b.  And,  if  %r  —  8  zz3?'-f-2Cj  then  will 
^r  —  3r  zz  204-8,  or  r  zz  28. 

RULE  2.  —  If  the  unknown  term  be  multiplied  by  any  quanti 
ty,  it  may  be  taken  away  by  dividing  all  the  other  terms  of  the 
equation  by  it. 

Thus,  if  arzz  £$—  a,  then  will  rzz£  —  i.  If  sr-f-4  —  16,  then 
will  r-j-2  zz  8.'  and  r  zz  8  —  2  zz6.  Alfo,  if  ar-f-2^zz  3C2,  then 

0/-2  oc2 

Will  r~f2£  zz  —  ,  and  r  —  '-  --  2*. 


RULE  3  —If  the  unknown  term  be  divided  by  any  quantity,  it 
liny  be  taken  away  by  multiplying  all  the  other  te:ms  of  the 
equation  by  it. 

Thus,  if  -^  zz  5-J-3,  then  will  r  zz  104.6  zz  16.     If  —  zz  ^-f 

Q  V 

C—  -dy  then  will  f  —  ^  -f-^zc  —  ad.     Alfo,  if  --  2  —  644,  then 

3  6 

Will  ar  —  6  Z3  184.12,  and  zr  zz  184.  124-6  zz  36,  or  r  zz  —  ~  18. 

2 

RULE  4.  —  The  unknown  quantity  in  any  equation  may  be 
made  free  from  furds.  by  tranlpoting  the  reft  of  the  terms  accord 
ing  to  the  rule,  an^  then  involving  •each  iide  to  fuch  a  power  as 
is  denoted  by  the  index  of  the  faid  furd.  . 

Thus,  if  yr—  2zz6,  then  will  ^rzz64-2  zz  8,  and  rzr  82  =  64. 

If  \/4r"^  |(3  =  12>  l^en  w^^  4^4'1^—  144i  anc^  4?  =  144  —  16  —  128, 

,28  3  _  3  __ 

or  r  zz  -  zz  32.     Alfo,  if  ^  2r-j-34-4  :=^  8  ;  then  will  tf  ^^4-3 

zz  8—  4  zz  4,  and  2r.+3  zz  43  zz  64,  and  2r  zz  64—3  zz  61,  or 

6> 
r=zTzz3ol. 

RULK  5.  —  If  that  fide  of  the  equation,  which  contains  the  un 
known  quantity,  be  a  complete  power,  it  may  be  reduced  by  ex- 
trafting  the  root  of  faid  power  from  both  fides  of  the  equation. 

Thus,  if  r*4-6r4-9  zz  25,   then   will   r-\-%  rz  -/as  —  5,   or 

r=5~3zz2.  If  3^—9zz  21-1-3,  then  will  3r1zz2iH-34-9zz33, 

and 
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qq  2r2 

and  r8  zr  ~-  zz:  1 1,  or  r  zz:  ^  n.     Alfo,  if |-  10  zr:  20,  twctf 

3  3 

will  2r2  4.30  =r  60,  and  r2^- 15^30,  orr2  —  30— 15,  or  rzr  V  15* 

RULE  b, — .Any  analogy,  or  proportion,  may  be  converted  into  , 
an  equation,  by  making  the  produft  of  the  two  mean,  terms  equal 
to  that  of  the  two  extremes. 

Thus,  if  3r  :   16  : :   5  :   10,  then  will  3rX  10  rr  16  X5,  and 

80  27"  2C7 

gor  zn  So,  or  r  zz  —  —  2^.     If  —  :  a  : :  b  ;  ci  then  will  — • — ab^ 

%ab  r 

and  acr  —  3^,  or  r  zr  — .     Alfo,  if  12 — r  :  —  ; :  4  :    i,  then 

will  12— -rrz- —  zz:  ar,  and  zr-^-r  —  12,  or  r  z± —  rz  4. 

RULE  7. — If  any  quantity  be  found  on  both  ffoes  of  the  equa 
tion  with  the  fame  fign,  it  may  be  taken  away  from  them  both  ; 
and  if  every  term  in  an  equation  be  multiplied  or  divided  by  the 
fame  quantity,  it  may  be  itruck  out  of  them  all. 

Thus,  if  4r-}-fl  —  b+a^  then  will  4? zzr^,  and  r— ' — .     If  %ar 

4 

H-5^  —  8*c,  theh  will  3r+5*  ~  8c,  and  r  =  ^Z^.     Alfo,  if 

^1 zr ,  then  will  2r  zz:  16.  and  r  zz:  8. 

3         a         3         3 

MISCELLANEOUS  EXAMPLES. 
1.  Given  5^—15  ~  2r-f-6,  to  find  the  value  of  r. 

r»  * 

Firft,  5r— 2rzr6-fi53  then  Sr  =  21,  and  r  zz: —  zz  7. 

«j 

e.  Given  40 — 6r — 16  zz  120 — i^r  to  find  r. 

Firft.    14)- — 6r   zz:    120— 40+16,    then   8r   zz:   96,    therefore 


g.  Given  gar  —  3^  zr:  zdr-^c,  to  find  r. 

Firft,  sar—2dr  zz  f-f-3^,    or   5^1—  2^X^  ~  £-{-3^   therefore 


4.  Given  3r2  —  -lorzz:  8<2-f-r2j  to  find  r. 

Firft,  3^—10  zz  8-}-r?  then  3?-.—  rr=  84.10.  therefore  zr  zz:  18, 

18 
and  r  zz  —  zz:  9. 

5.  Given  6ar3  —  izabr2  zr  3ar3-j-6^r2,  to  find  r. 

Firft,  dividing  the  whole  by  S^r2,  we  fhall  have  2r—  4^  zz  ^-f-2, 
then  2r—  rzz:  24-4^,  Whence  r  zz:  24.4^. 

6,  Given 
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€.  Given  —  --  -  -f  —  zz  10,  to  find  r. 

334  6r 

Firft,  r—  .—  4-  ~  zz  20,  then  ar—2r+  —  zz  60,  .  and  1  2r—  8r 
34  4 

240 
4-6r  =  240,  therefore  lor  zz  240,  and  r  zz  —  —  zz  24. 

7.  Given—  +—  ='20—  -    12,  to  find  r. 

Firft,  r—  3+  —  zz  40—  r—  19,  then  37-—  9+  2r  zz  120—  sr—  57, 

therefore  ar+zr+ar  zz  120—  57+9»  that  is,  8r  =  72,  or  r  zz 
72 

T  =  9' 

8.  Given  -/^r-f-5  —  7,  to  find  r. 

Firft,  -V/J-  r  3S=  7  —  5  =  2j  then  f  r  zz  22  zz  4,  and  2r  zz  12,  or 


—  —  <Z 

9.  Given  r-j-  \/a2-j-r2  zz  -.  to  find  r. 

-V^-fr2 

Firft,  r  ^/a2^2^2-!-/2  zz  2<z2,  then  r  ^/a*+r*  —  ^2~r2, 

X«24-ri  =  a2—  r2|    —  a4—  2^2r2-|ir4,  or  ^2r2+r4  zz  a* 
—  2tf2r2-j-r4,  whence  ^2r2-|-2a2r2  zz  a4,   or  3^2r2  zz  a4,  confe- 

qiiently  r2  zz  ^L,  and  r  zz  v/^-  =  «  VI- 

PROBLEM  I.  To  exterminate  tzoo  unknown  quantities,  or  to  reduce  the. 
two  jimp  fa  equations,  containing  them,  to  ajsngle  one. 

RULE  ift.  —  i.  Obferve  which  of  the  unknown  quantities  is  the 
leaft  involved,  and  find  its  value  in  each  of  the  equations,  by  the 
methods  already  explained. 

2.  Let  the  two  values  thus  found  be  made  equal  to  each  other,- 
and  there  will  arife  a  new  equation  with  only  one  unknown, 
quantity  in  it,  whofe  value  may  be  found  as  before. 


i.  Given  I  2^   ^  ~  23  1  to  find  r  and  M. 

2  O— *Q2/. 

From  the  firft  equation,  r  zz  — — : — ,  and  from  the  fecond,  rzz 


23 OU  1O--2W 

,andconfequently 2->  zz • ,   or    115 — 1514  zz  20 

5  ^       .  5 

r  iguzr  ji5—20zr95,  and  wzz—  zz  5,    whence    rzz 

, 

—  4*  ^ . 

s,  Lriven 
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2.  Given  <    2_j          ',  |- to  find  r  and  M, 
From  the  firfl  equation,  r  —  a — w,  and  from  the  fecond,  r  zz 
therefore  a — u  zz  £-}-«,  or2«zz  a— £,  confequently  wzz  — ,and 
a—b        aJLb 


:a  — 

a 


IT  +  J-7 

0.  Given^  )>to  find  r  and  u, 

L7+T  =  'J 

-  w 

From  the  firfl  equation,  r.  zz  14 ,  and  from  the  fecond, 

3 

2M      ,  22<  QW 

r  —  24  —  ~,  therefore  14 zz  24 ,  and  42 — 2U  zz  72 

2  32 

T—  ~,  or  84 — 4«  zz  M4—  9M  5  whence  51*  zz  144 — 84  zi  60,  and 

2 
60  2M  24 

u- —  —  —  12,  and  r  — -  1 4  «—  —  zz  1 4 zz  o. 

5  3  3 

PVULE  2d.-r— i.  Confider  which  of  the  unknown  quantities  yoit 
would  firfl  exterminate,  and  let  its  value  be  found  in  that  equa 
tion  where  it  is  the  leaft  involved. 

2.  Subflitute  the  value,  thus  found,  for  its  equal  in  the  other 
equation,  and  there  will  arife  a  new  equation,  with  only  one  un 
known  quantity,  whofe  value  may  be  found  as  before. 

1.  Given  <     r~  ^  >  to  find  r  and  «. 

From  the  firfl  equation,  r  zr  17— -a«,  and  this  value,  fubftitut- 
edforr  in  the  fecond,  gives  17 — 2uX3 — u= ~2>  or51 — 6w— «ZZ2, 
or?  gi.—yw  :—-  2  ;  that  is,  jit  zz  51 — 2  zz49  ;  whence  ai^z-^zzyp 

and  r  zz  17— aw-zz  17— 14  zz  3. 

f    a     '   b   '  '   r  *  u~\        /--i  i 

2.  Given  <       2      i      2 c     ?  to  find  r  and  M. 

The  firfl  analogy,  turned  into  an  equation,  is  br  zz  av,  or 
r  —  -7-,  and  this  value  of  r,  fubflituted  in  the  fecond,  gives 

a2"2     .       .  ...,____     ,2  2  
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RULE  3,—  Let  the  given  equations  be  multiplied  or  divided  by 
fuch  numbers  or  quantities  as  will  make  the  term,  which  con 
tains  one  of  tlie  unknown  quantities,  to  be  the  fame  in  both  equa 
tions,  and  then  by  adding  or  fubtrafting  the  equations,  accord 
ingly  as  is  required,  there  will  arife  a  new  equation  with  only 
one  unknown  quantity,  as  before. 


Firft,  multiply  the  id  equation  by  3,  and  we  fhall  have  3r-f-6» 
ZZ  42,  then  from  this  laft  equation  fubtraft  the  firft,  and  it  will 
give  6w  —  5M  zz  42—40,  or  u  zz  2,  therefore  r  zz  14—  zu  zz  i'4  —  • 
4zz  10. 

2.  Given  (  5r73M  =    9  \  to  fin(j  r  ana  „. 
\zr-fou~  ibj 

Let  the  firft  equation  be  multiplied  by  2,  and  the  2d  by  5,  and 
We  fhall  have  -|  *  or"T^  —80  fan(^^  t^ie  former  of  thefe  be 

fubtrafted  from  the  latter,  it  will  give  31^  zz  62,  or  wrz  —  zz  2, 

94-6        15  31 

confequentlyj  r  zz  —  •  —  zz  —  zr  3. 
.5  5 

Another   Method, 
Multiply  the  ift  equation  by  5,  and  the  2d  by  3,  and  we  (hall 

have  1  2|rXi5tt  --'  4>8  f    ^ow>  a^  t^ie^e  two  equations,  and  it 

03  16—6 

will  give  3tr  zr  93,  or  r  zz  =—  zz  3,  confequently  u 
10  3l 

—  zr  2,  as  before. 
5 


.  II.    To  exterminate  three  unknown  quantities^  or  to  reduce  the. 

three  fimple  equations,  containing  them,  to  afmgic  one. 
RULE  1.   Let  rt  u,  and  2,  be  the  three  unknown  quantities   to 
be  exterminated. 

2.  Find  the  value  of  r,  from  each  of  the  three  given  equations. 

3.  Compare  the  firft  value  of  r  with  the  fecond,  and  an  equa 
tion  will  arife,  involving  only  u  and  2. 

4.  Compare  the  firft  value  of  r  with  the  third,  and   another 
equation  will  arife,  involving  only  u  and  2. 

5.  Find  the  value  of  u  and  2  from  thefe  two  equations,  accord 
ing  to  the  former  rules,  and  r/tt,  and  z,  will  be  exterminated  as 
required. 

Note.  Any  number  of  unknown  quantities  may  be  exterminated 
in  nearly  the  fame  manner. 

r  -f-  u  4-  2  zr 


I.  Given 

1  — -f-  ~-l-  —  zr  10  | 
V   2        3        4  J 

From 
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From  the  firft  equation,  r  zz  29— u — 2,     From  the  ad  r  •—-  6a 

Q  JJ  £ 

~^2M — 32.     From  the  3d  r  zz  20 — ,  whence  29 — u—z  —~_ 

Q«y  2 

62 — 2^—32,  and  29 — u — z  zz  20 — ;  but  from  the  firft  of 

thefe  equations,  u  zz  62—29 — 22  T—  33 — 22  ;  and  from  the  zd  w  zrr 

22  O2 

27 —  ^-,  therefore  33 — 22  zr  27—  ~,  or  2  zz  12,   and  w  z=  62 — 


•—29 — 2zzz62— «.2  9— —24  —  9,  and  T  • —  20 u — zczz  20— « 1 2»— 9  zz 

r  r      M      z        "i 

—  ^ f-  _  zz  62 

234 

2.  Given*( } J-  —  zz  47  )>to  find  r,  w,  and  s. 

345 


Firft,  the  given  equations,  cleared  from  fractions,  become 

'  i2r-j-  8«4-  6z  zz  1488 
2Ott-f-*5^+122  zz  2820 
30r  -|-  24^+202  zz  4560 

Then,  if  the  2d  equation  be  fubt  rafted  from  double  the  ift,  and 
three  times  the  3d  from  five  times  the  2d,  we  fhall  have 

4r-|_  u  zz  156 
w  zz  420. 


And  again,  if  the  lecond  of  thefe  be  fubtrafted  from  three  times 

48 
the  firft,  it  will  give    I2r—  lOr  zz  468—  .420,  or  r  zz  —  zz  24, 


1488—  8,u—  i2r 
therefore  u  zz  156—  4>'zz6o,  and  2  zz  -  -r  --  zz  120. 


Qucftions  producing Jimplc-t.£>quaiions» 

i.- To' find  two  fuch  numbers,  as  that  their  fum  fhall  be  40,  and 
their  difference  16. 

Let  r  denote  the  leaft  of  the  two  numbers  required,  then  will 
r-J-i6  zz  the  greater,  r -\-r-\-ib  zz  40  by  the  queftion,  that  is,  zr 

O    A 

' —  40 — 16  zz  24,   or  r  zr  —  zz  12  zz  leaft  number,  and  r-\-i6 

zz  i2-f-i6  zz  28  zz  greater  number  required. 

2.    What 
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4.  What  number  is  that,  whofe  |  part  exceeds  its  {  part  by  16  ? 

Let  r=  number  required,  then  will  its  $  part  be  —  ,  and  its  J 

0 

part  —  ;  therefore  -1  —  ~  =  16,  by  the  queftion,  that  is  r-, 

4  34 

§1  —  48?  or  4?-—  3rzzi92  ;  whence  rzz  192  the  number  required. 

3.  Divide  £1000  between  A,  B  and  C,  fo  that  A  Ciall  have 
£72  more  than  B,  and  C,  £iO")  more  than  A. 

Let  r  zz  B's  fhare  of  the  given  fum,  then  will  r+72  —  A's 
{hare,  and  r+172  zz  C's  lhare  ;  and  the  fum  of  all  thefe  fhares  r 
+r+72+r+i72,  or  37+244  zz  lOOO,  by  the  queftion,  that  is, 

3r  zz  1000—20  —  756,  or  rzz  —  =  £252  zz  B»s  fhare,  and  r 

3 

4-72  zz  252+72  zz  £324  zz  A's  fhare,  and  r+^2  zz  252+172 
—-  /  424  zz  C's  lhare. 

Pnw/,  252+324+424  zz£iooo. 

4.  A  prize  of  £1000  is  to  be  divided  between  two  perfons,1 
\vhofe  fhares  therein  are  in  the  proportion  of  7  to  9  ;  Required 
the  fhare  of  each  ? 

Let  r  zzthe  firft  perfon's  fhare,  then  will  £1000  —  r  zz  2d  per- 

fon's  fhare,  and  r  :  iOOO—r  :  :  7  :  9,  by  the  queftion,  that  is,  97- 

--  7000 

zz  lOOO—  rX7  =  7000—  7r,  or  ior  zz  7000,  whence  r  zz  -  - 


loy<  ==  *^  fhare,'  and   1000—  r  zz  1000  —  £437  10^.  zr 
£562  iQj.  zz  2d  fhare. 

5.  The  paving  of  a  fquare  at  *s.  per  yard,  coft  as  much  as  the 
inclofing  of  it,  at  55.  per  yard  ;  Required  the  fide  of  the  fquare  ? 

Let  r  —  fide  of  the  fquare  fought,  then  4rzzyards  of  inclofure, 
andr2  zz  yards  of  pavement  ;  whence  4rX5~20r  zz  price  of  in 
clofing,  and  r2  X  2  =  2^2  ~  price  of  paving.  But  2r2  zz  2or,by  the 
queftion,  therefore  r2=ior,  and  r=io=length  of  the  fide  required. 

6.  A  labourer  engaged  to  ferve  40  days  upon  thefe  conditions, 
that  for  every  day  he  worked  he  fhould  receive  sod.  but  for  ev 
ery  day  he  was  abfent,  he  was  to  forfeit  8a'.     Now,  at  the  end  of 
the  time,  there  was  due  to  him  £1  iu.  %d.  ;  How  many  days  did 
he  work,  and  how  many  was  he  abfent  ? 

Let  r  be  the  number  of  days  he  worked,  then  will  40  —  r  be  the 
number  of  days  he  was  abfent'^alfo,  rX.2O  z=  tor  zz  fum  earn 
ed,  and  ^o—  rx8zz32o—  8r  zz  fum  forfeited  ;  whence  2Cr  — 
320—  8r  zz  380^.  (zz£i  iu.  8<af.j  by  the  queftion,  that  is,  2Or— 

g2C+8r  zz  380,  or  28r  zz  380+320  zz  700,   and  r  zz  -^  zz  25 

2O 

zz  number  of  days  he  worked  ;    and  40  —  r  ~  40  —  7-5—15  -—  ' 
number  of  days  he,  was  abfent, 

7.  Out 
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7.  Out  of  a  cafk  of  wine,  which  had  leaked  awa}  %,  21  gallons 
were  drawn  ;  and  then,  being  gauged,  it  appeared  *  v^e  half  full ; 
How  much  did  it  hold  ? 

Let  it  be  fuppofed  to  have  holden  r  gallons,  then  it  would 


leaked  —  gallons,  an,d  confequently  there  had  been  taken  away  at 

J gallons.     But  21  -} zz  -—  by  the  quefiion,  that  is, 

3  3         2 

rz  — ,  or  i26-f~2f  zz3r,  hence  $r — 2rzz  ia6,  or  r  zz  126, 

8.  What  fraction  is  that,  to  the  numerator  of  which  if  i  be? 
added,  the  value  will  be  -i-  ;  but  if  one  be  added  to  the  denom 
inator,  its  value  will  be  |  ?  r  r  .  ( 

Let  the  fraction  be  reprefented  by  —  then  will  •       •   zz  4    a"^ 
r  J    u  u 

—7—  zz  |,  or  374-3  zz  u}  and  $r  zz  w-fi  ;  hence  4*-— 3r—  3  zz 


* — 3  zz  i,  or  r  zz  4,  and  u  zz 
rz:  15.     So  that  -fa  zz  fraction  required* 

9.  A  market  woman  bought  a  certain  number  of  eggs,  at  2  for 
a  cent,  and  as  many,  at  3  for  a  cent,  and  fold  them  all  out  again, 
at  the  rate  of  5  for  i  cents,  and,  by  fo  doing,  loft  4  cents  j  What 
number  of  eggs  had  (he  ?  r 

Let  r  zz  number  of  eggs  of  each  fort,  then  will  —  zr  price  of 

Y 

the  ift  fort,  and  —  zz  price  of  the  2d  fort.     But  5  :  2  : :  zr  (the 

&  AY  AY 

whole  number  of  eggs)  :  —  ;  therefore  —  zz  price  of  both  forts 
5  5 

together,  at  5  for  2  cents,  and  —  -f  ~  —  ~  zz  4,  by  the  quef* 

2         3         5 

,     2r        8r                                           2«r 
tion   ;    that  is,  r-| zz  8  ;  or  3^-f-2r —  :—  24  5  or  15 

r-f-ior — 24?-  zz  120  ;  whence  r  zz  I2ozz  number  of  eggs  of  each 
fort  required. 

10.  A  perfon  in  the  afternoon  being  afkcd  what  o'clock  it  was, 
anfwered,  that  -|  of  the  time  from   noon  was  equal  to  |-  of  the 
time  to  midnight  ;  Required  the  time  ? 

Let  r  zz  the  time  fought  from  noon,  then  will  1 2 — r  zz  the  time 

O7* 

to  midnight,  |-  of  the  time  from  noon  zz  — ,  and  J  of  the   time 

.?"  5 

tomidnightzz — r— ,  therefore  —  zz    V   '  •  by  the  queftion  ;- 

5  * 

-  and  247  z^-  300—  2$r,  ©r  247+25*-  —  300 
•,  Anfwert 

11.  A 
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11.  A  merchant  iliips  goods  for  Southcarolina  to  the  amount 
*f  /'7GO  ;  What  fum,  at  5  per  cent,  fhould  he  get  infured,  to  cov 
er  his  adventure  ?  ^r 

Let  r  r—  ium  to  be  infured,  then  will  r —  - — -  zz:  700,   whence 

lOOr— £r  zz:  70000,  and  r  ~  22    f  —  ^736  16*.  jo^frf.  AnJ. 

12.  A  man  lays  out  36  cents  for  apples  and  pears,  buying  his 
apples,  at  4,  and  his  pears,  at  5  for  a  cent,  and  afterwards  fold  -f 
of  his  apples,  and  -J.  of  his  pears  for  13  cents,  which  was  the  prime 
coft  ;  I  demand  the  number  he  bought  of  each  ? 

Let  r  • —  the  number  of  apples,  and  z  zz:  the  number  of  pears  ; 

then,  if  4  apples  coft  a  cent,  r  will  cofl  —  cents,  and  for  the  fame 

reafon  z  will  coft  —  cents,  and  we  fhall  have j zz  30,  for 

5  45 

one  fundamental  equation.  Again,  the  price  of — rr|  of  his  apples 
will  be  -— ,  and  the  price  of  —  zz:  |-  of  his  pears  will  be  -— ;  hence 

-—  -j-  -L  —  13,  for  another  fundamental  equation  :  Now,  crofs 
8  15  v 

multiplying [• zz  30^  and  then  multiplying  30  by  4  and  5 

4          5 
we  fhall  have  the  firft  equation  zz:  5r-\-{z  z±  600  ;  and  doing  the 

7"  Z 

fame  by  —  -j-  —  —  13?  we  have  the  2d  equation  zz:  i$r-[-%z  -— 

ii          15 

1560.  Subtra6t  the  ad  equat'on  from  tl'iree  times  the  iffc.  and  we 
fhtiil  have  the  3d  equation  zz  42  zz  240.  therefore  4t.h  equa 
tion  zz:  z  zz:  60  zz:  the  number  of  pears  :  Now,  fubftuute  60  for 
£,  that  is,  240  for  42,  in  the  ifl  equation,  fir 4*4*  ~  6co,  we 
fh^ll  have  t,r-f-->40  zz:  600,  whence,  equation  5th  r  zz  73  zz  the 
number  of  apples. 

QUADRATIC     EQUATIONS. 

A  Simple  Quadratic  Equation  is*  that  which  involves  the  fquare 
of  the  unknown  quantity  only. 

An  Adfefted  Quadratic  Equation  is  that  which  involves  the 
fquare  of  the  unknown  quantity,  together  wi'th  the  produ6r, 
•which  arifes  from  multiplying  it  by  fome  known  quantity. 

Thus,  arz  zz:£,  is  a  fiinple  quadratic  equation,  and  ^r2-f-^=r  c 
is  an  adfcfte  J  quadratic  equation 

All  adfeftcd  quadratic  equations  fall  under  the  three  follow 
ing  forms. 

!ft  r2-f-#r  zz  b.  2cl.  rz — ar  zr  b.  gd,  r2— -ar  — — £.  And 
the  rule  for  finding  the  value  of  r}  in  each  of  thefe  equations,  is 
as  follows ; 

R  r  r  Ru  LX 
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RULE*  i.-^-Tranfpofe  all  the  terras,  which  involve  the  un 
known  quantity,  to  one  fide  of  the  equation,  and  the  knowni 
terms  to  the  other  fide,  and  let  them  be  ranged  according  to  their 
dimenfions, 

2.  Wheir 


*  Thefquare  root  of  any  quantity  may  be  either  -|~  or — ,  and  there 
fore  all  quadratic  equations  admit  of  two  folutions.  Thus  the  Jqvart 
root  of-^-n2  is  -j-ft,  or  — n^for  -f-wX  ~^nj  or  — n  X — K?  arc  CQ-th 


to  -f-  nz.     So,  in  the  firft form,  where  r  -f-  —  is  found  ir  *J  b-\-  """"y 
2  4 


/       a*  a? 

the  root  may  be  either  J^^b-\  --  .  or  —  *Jb-\  --  .ftnce  cither  cf  then* 

4'      _      4' 

a2 
being  multiplied  by  it/elf  will  produce  b-\-  —  .     And  this  ambiguity  is 

f      az 

exprejfcd  by  writing  the  uncertainf.gn  ±  before  ^  b-\  --  ;  thus  rrr  ±: 


.     In  tht  fir  ft  form,  where  rzr  ±  vx^-f-  -  --- 
42  4          2 


firft  value  cf  r,  viz.  r  m  -j-  V  ^4  ----  * 


ffirmative. 


Th'efetcnd  valuet  viz.  r  zz:  —  ^  b-\  ---  .  —  ,  will  always  be  reg&- 

tive}  bccauje  it  is  compofed  of  two  negative  terms  ;  therefore,  when  rz-\-ar 

^      ~a-         a 
<—  b,  we  /hall  have  r  ~  -j-  \/^H  ----  for  the  affirmative  value  of- 

r,  and  r  —  —  V^+  "  ---  /ar  ^lt  n?5atrie  "due.  ef  r. 

In  the  fecond  form,  where  ^'zr  +  V  '  b-\  --  -{-  —  .  thcfrjl  value,  viz. 


--  1  --  is  alzuays  affirmative^  finie  it  is  comfiofed  of 


affirmative  terms,  and  the  Jecond  value,  viz.  r  —  :  —  \f  b-\-  —  -f-  —  • 

will  ala-ayS'  be  negative  ;  therefore  when  rz~-ar  zz  I,  we  Jhall  have 

^      a*         a 
r  —  -|-.y/£-|  --  ^  --  tfor  the  affirmative  value  of  r:  and  r  rz  —  • 

negative  value  of  r. 

Tn 
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#.  V/hen  the  fquare  of  the  unknown  quantity  lias  any  coeSi- 
isient  prefixed  to  it,  let  all  the  reft  of  the  terms  be  divided  by  that 
coefficient. 

3.  Add  the  fquare  of  half  the  coefficient  of  the  fecond  term  to 
jboth  fides  of  the  equation,  and  that  fide,  which  involves  the  un 
known  quantity,  xviii  be  a  complete  fquare. 

4.  Extract  the  fquare  root  from  both  fides  of  the  equation,  and 
-the  value  of  the  unknown  quantity  will  be  determined. 

Note,  i.  The  fquare  root  of  one  fide  of  the  equation  is  always 
equal  to  the  unknown  quantity,  with  half  the  coefficient  of  the 
fecond  term  fubjoined  to  it. 

2.  All  equations,  wherein  there  are  two  terms  involving  the 
unknown  quantity,  and  the  index  of  one  is  juft  double  that  of  the 
other,  are  iolved  like  quadratics,  by  completing  the  fquare. 

n 

Thus,  r4-f  sr2  m  £,  or  rn-j-ar^zz:  b,  are  the  fame  as  quadratics, 
iic  value  of  the  unknown  quantity  may  be  determined  ac 
cordingly. 

t  From  this  rule  may  be  formed  a  general  theorem  with  which 
all  particular  equations  may  be  compared,  and  by  means  whereof 
thev  may  be  im>re  readily  refolved. 

Suppofe  #r2  zz  br-^-c  be  the  general  quadratic  equation  pro- 
pofed  to  be  refolved  ;  where  a,  b,  and  c  denote  known  integral 
quantities,  whetheraffirmaiive,or  negative,  and  rzzthe  unknown 
quantity  ;  to  find  the  values  of  r  in  this  equation. 

Here,  tranfpofmg  br,  we  have  ar2 — £r— c,  then  dividing  by  at 
in  order  to  free  r2  the  higheft  power  of  r  from  its  coefficient,  we 

liave  r2 zz —  ;  this  being  done,  the  firft  fide,  r2— may  be 

-confidered  as  an  imperfecl;  fquare  raifed  fr^m  a  binomial  root,  and 
accordingly  we  may  complete  that  fquaie  by  adding  the  fquare 

of 


in  thi  third  form,  uhere  r  zr  ^ b-\-  ~,  both  the  values  of  r 

:iive,ffiippofmg  —  to   be  greater   than  b.      Therefore,    when 

•f-* — flrirr  — bt  wcjhall  have  r~  -}-  y b-\ ,  and  —  ^/ b 

~.  both)  for  the  flfljrmafive  value  of  rt 

But  in  this  third  forte,  $f  b  be  greater,  than  — ,  thcfolutionofthepro- 

.pojcd  quzjli.m  mil  be  impoffibk.     For  fince  thejquare  of  any  quantity 
vays  affirmative,  the  Jyuare  rest  of  a  negative  quantity  is  impjaf- 


\ 
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of  half  the  coefficient  of  the  fecond  term  :  But  if——  muft  be  add- 

402 

ed  to  the  firft  fide  of  the  equation,  to  complete  the  fquare,  it  muft 
bs  alfo  added  to  the  other  fide,  to  prefcrve  the  equality,  otherwife 
by  an   unequal  addition,  the  equation  would  be  deftroyed  ;  this- 
equal  addition  therefore  being  made,  the  equation  will  ftandthus, 

br         b2  b2  c  b2  c 

r2  ---  1  --  =•  zz  —  -  ~j  --  ;  but  the  two  f  ra6Uons  .  -  and  — 

a        4^*          4^2          a  a2  a 


. 
when  addedj  give  ---  -  -  ,  which  divided  by  a,  gsve-s 

br        b2         £24-j<2c 

therefore  r2  ---  j  --  -  zz  —  ——-  ;  therefore  the  fquare  root  of 
a         qa2  qa2 

one  lide  will  be  equal  to  the  fquare  root  of  the  other  ;  but  the 
fquare  root  of  -  1—9  as  it  here  ftands  in  letters,  cannot  be  ex- 

tr  .'cled,  becaufe,  although  the  denominator  qa*  be  a  fquare,  yet 
there  is  no  liteial  quantify  whatever,  which,  being  multiplied  in 
to  itfelf,  will  produce  b2  -f-  qac,  therefore,  to  put  this  numerator 
into  the  form  of  a  fquare.  let  us  fuppofe  b2-\-\ac  zz  sst  and  then 

the  equation  will  be  r2  ---  j-  —  -  zz  —  -  ;  but   the  fquare  root 

a        4.2  2        4#* 

of  r2  ---  j  --  -  is  r  --  ,  and  that  of  —  is  -4-  —  therefore  this 
a        4«2  2,0.  4#2         ~~  2a 

eq-iation  will  now  be  reduced  to  a  fimple  one,  and  will  Hand  thus, 


.        e  -  -— 

r  --  •  --  1  --  ,  therefore  r  zz  —  i  —  ,  that  is.  rzz  —  =—  andr  zz  —  —  • 
za         ~~  2a  2.0,  2,0,  20, 

Note.  When  the  quantity  c  (and  confequently  4<2c)  is  negative, 
the  quantity  ss,  or  b2-\~$ac  muft  be  confidered  as  the  fum  cf  the 
affirmative  quantity  b2  and  the  negative  one  4«c,  when  added  to 
gether  according  to  the  common  rules  of  Addition, 

Examples  of  the  refolution  cf  AdfeElcd  Equations  with  and  without  the 
general  Theorem. 

i.  Given  r2  zz  140  —  4?*,  to  find  the  values  cf  r. 

Firft,  tranfpofmg  —  41%  it  is  r2-J-4r  zz  140,  then,  r*-\-$rJ^%  zz 
144  by  completing  the  fquare;  then  v  r2-^-4r-J-4  zr  ^144,  by 
extracting  the  root  ;  or  r-j-2  zz  ~t'i*,  that  is,  rzz  —  24-  12  zz  -{•- 
1C,  or  —  14. 

By  the  general  Theorem.  at  in  the  general  theorem,  anfwers  to 
i  in  the  pariicular  one,  that  is,  to  the  coefficient  of  r2,  b  anfwers 
to  4,  and  c,  to  140,  that  \t.  a  zz  i,  b  zz  —  4,  c  zz  140,  and  qac  zz 
560,  therefore  JJ,  or  ^2+4«c  will  be  the  fum  of  16  and  560  zz  576, 

therefore 


INTRODUCTION  TO  ALGEBRA. 


^  +  *°>  an    ~  = 


therefore,  s  zz  24,  — -  — 

—  _  14  ;  therefore  the  tworoots  of  this  equation  are  iQand— 14. 

2.   Given  r2+3  ;=  6r+8o,  to  find  r. 

Firft,-r2— 6r  zz  7  ^  by  tranfpofition  ;  then  r2— 6r+9  rz  72  + 
9  ZZ  81,  by  completing  the  fquare,  and  r— 3  zz  V^1  -  :^9?  by 
cxtratting  the  roor,  therefore  r  zz  +3  z>  ^;  =z  +12,  or  - 

By  the   Theorem,     tfzzi,    b  zz  6,    c  zn  72,    and   4*c  ==  288, 

therefore^  =  36+288  —  324,  therefore  j  zz  18,  — -zzi2,and 

b — s 


3.  Given  2r2  —  20  in  70  —  8r  to  find  r. 

Firft,  zr2+8r  —  70+20  nr  90,  by  tranfpofition,  then  r 
^:  45,  by  dividing  by  the  coefficient  2,  and  r2+F+4-  ~  45~f"t 
=  49,  by  completing  the  fquare  ;  whence  r+2  zz  -^49  =:  —  7» 
therefore,  r  zr  —  a  ±  7  zz  5  or  —  9. 

By  the  Theorem,     a  —  2,  £  zz  —8,  c  zz  90,  4^0  =  720,  ss  zz 
7 


- 
64+720  zz  784,  therefore  J  z    a8;  —  -  zz  +  5,  -^-  zz 

that  +  5,  .and  —  9  are  the  values  of  r.* 

As  the  general  Theorem  is  Sufficiently  exemplified  in  the  pre 
ceding  problems,  the  following  equations  will  be  folved  by  the 
Rule  only. 

4.  Given  3^2  —  3r+6zz5|,  to  find  r. 

Here  r2—  r+2  zz  i-Jby  dividing  by  3,andr2—  r  zz  j|—2,  by 

tranfpofition  ;    alfo  r2—  r+  -1  zz  i  -      -  2  ~|  --  z=-i-  by  com 

pleting  the  fquare  ;  and  r—  f  zz  <v/~5   —    —  T?  b7   evolution  | 
therefore  r  zz  +|  ±  {•  zz  |,  or  4-. 

5.  Given  ^  ----  |-2Ol  zz  42%,  to  find  r. 

r2          r 
Here  ---  -  —  4^|-  —  2of  zz  2  2-J-,  by  tranfpofition,  and  r2-— 

^.  zz  44T)  bY  d^iding  by  f,  whence  r2  --  ~  +|  zz  44|+i  zz 

44^.,  by  completing  the  fquare,  snd  r  —  -1  zz  \/4i£  zz  ±  6|,  there^ 
fore  r  zz  +|  ±  6|  zz  7,  or  —6|, 

6,  Given 

*  la  a  quadratic  equation  pf  this  form  ar2  rr5r+r,the  Aim  of  the  roots  will  al 

ways  be  —  ,  and  the  product  of  their  multiplication  —  ;  therefore,  if  &  rr  i,  that 

a  a 

is,  if  the  equation  be  r2  ~  br-\-c,  the  fimi  of  the  roots  will  be  b,  and  their  produft 
•  —  c,  or  the  fum  will  be  the  coefficient  of  the  unknown  quantity  on  the  fccond  fide 
of  the  equation,  and  their  produft,  what  is  called  the  abiblute  term,  wiih  its  figsi 
ehar.ged. 
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6.  Given  arz^-br  zz  c.  to  find  r. 

b  b  £2 

Firft,  r2-]  --  r  =  —  ,   by  divifion  ;  then  r*-\  --  r  -j  ---  -  — 

c  b2  ^  •£"""  ~~P~ 

—  -}  --  ,  by  completing  the  fquare  ;  and  r  4-  —  "^  V  --  h~  — 

a          #2  '  '-2  a         #2 


.  —  ,,/  ^  —  l  —  by  evolution,  therefore  rzz  ±:  v 

4a2  . 

7.  Given  tfr2  —  £r-4-c  zz:  d,  to  find  r. 

,  i 

Here,  arz  —  br  ~  d  —  c,  by  tranfpofition,  and  r3  --  Tzz  - 

by  divllion. 

b  b*         d—c         b* 

Alfoj  r2  --  r  -{  --  •-  —  --  j  --  by  completing  tlie  fquare; 
a  4az  a  ^az 

b  fd-~c         P 

and  r  --  zr-f-  \l  --  1  --  --»  by  evolution  ;    therefore   r  nr 

2a      —          a      '      <a2 


""         a  4-i2 

8.  Given  r4-j-5«r2  —  b>  to  find  r. 

Here,  r44-2^r2+^2  :i::::  ^+^2,  by   completing  the  fquare,  and 
)  by  e  v  ol  u  tion  ;  w  hen  ce  r2  zz: 


ccnfequently  r  zz:  V  :  \/ b-^-a2 — a. 

n         n 
9.  Given  ar  — br^~ c  zz:  —  d,  to  find  r. 

Firft.  arn — br'*  zz;  c — d9  by  tranfpofition.  and  rn —  rTzz , 

a  a 

n        b     JL         I-'2         c d         bz 

bv  divifion.      Alfo,  rn r*  ~\ zz: j r,by  complet- 

«  4^2  a  4&2'    ' 

he  fquare,  and  r2  —  —  zz:  ^/ j-  — -•,    by     evolution  ; 

2^Z  ^  4^' 

therefore  r*  zz: — ^:  V r-  - —     and     confcquentlv      r    ~ 

2^  a          4^2  x          ' 


QUESTIONS  producing  QUADRATIC  EQUATIONS. 

a.  To  find  two  numbers,  whofe  difference  is  8,  and  product  240. 

Let  r  zz:  the  leaft  number,  then  will  r-f-3  —  the  greater,  and 
rX^+^  =  r24-8rzz:  240,  by  the  queftion  ;  whence  r2-f-8r-f- 16" 
zz:  2404-16  zz:  256  by  completing  the  fquare  ;  alfo  7--}"4  ^  V25^ 
zz:  16,  by  evolution,  and  therefore  r  zz  16 — 4  zz:  12  zz:  the  leaft 
number,  and  12-J-8  zn  20  zz:  the  greater. 

2.  Tc 
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2.  To  divide  the  number  60  into  two  fuch  parts,  as  that  their 
product  m#y  be  864.  _ 

Let  r  zz  .greater  part,  then  will  60  —  r  zz  the  left,  and  rX&c  —  r 
rr  -ior  —  i'z  —  864,  by  the  queftion,  that  is,  r2—  >6or  zz  —  864  ; 
O  zz  —  864^-900  zz  36,  by  completing  the 


e  r2  —  6(x-|-yOO 

fqu.-uv,  :  Alio  r  —  30  zz  -^36  zz  o,  by  extracting  the  root  ;  there 
fore  A  -—•  b-|~3O  zz  36  zz  greater  part,  and  60  —  r  zz  60  —  36  zz  24. 
zz  the  ieu>  part. 

Sold  a  piece  of  cloth  for  24^.  and  gained  as  much  per  cent,  as 
the  cloth  coft  me  ;  What  was  the  price  of  it  ? 

Let  r  zz  pounds  the  cloth  coft,  then  24  —  r  zz  whole  gain,  but 
JOO  :  r  ::  r  :  24—  r,  by  the  queftion,  or  r2  zz  i  oo  y  s^ZIr  —  • 
2400  —  loor,  that  is,  r2-f-iOOr  zz  2400  ;  whence  r2-ficor-f-25oO 
zz  2400-1-2500  zz  4900,  by  completing  the  iquare,  and  r-J-sjozr 
^4900  zz:  70,  by  extr^ftHn  of  roots,  confequently  r  •  —  70  —  50 
zz  ^o  zz  price  of  the  cloth. 

4.  A  perfon  bought  a  number  of  oxen  for  8o/.  and  if  he  had 
bought  4  more  for  the  fame  money,  he  would  have  paid  i/.  lefs 
for  each  ;  How  many  did  he  buy  ? 

Suppofe  he  bought  r  oxen,  then  —  zz  price  of  each,  and  — 
zz  price  of  each,  if  r-f  4  had  coft  8o/.  But  —  zz  --  -j~  *?  by 

the  queftion,  or  80  zz  —  --  j-   r,  or  8or-}-32o  zz  8or-f-rz-f.47-? 

that  is,  r2-f~4r  ZZ32O  ;  whence  r2  +  474.4  rz  320+4  zz  324,  by 
completing  the  fquore,  and  r-j-2  zz  V324  ~  *8,  by  cvoiution9 
confeqaently  r  zz  18  —  2  zz  16  zz  number  of  oxen  required. 

5.  What  two  numbers  are  thofe,  whofe  fum,  produft  and  dif 
ference  of  their  f  qua  res,  are  allfcqual  to  each  other  ? 

Let  rzz  greater  number,  and  &zz  lefs  ;  then  \  ?  ,1, 

I  r-4~u  zz  ?   —  -H"  t 

?-2  _  M2 

by  the  queftion,  and  i  zz  --  zz  r—  z<,  or  r  zz  K-f-i,  from  the 

fid  eq-niion  :  Ah'o  2;-f-i-j-«  zz  w-f-i  X",  from  the  fir  ft  equation; 
or  2K-J-1  zz  M2-f-?/,  that  is,  zt2  —  u  zz  i  ;  whence  u2  —  w+|  zz  i  J, 

by  completing  the  fquare  :   Alfo  ti—  |  zz  Vi^  zz  -/  ~  —  ~-b 


evolutlon:  confequently  u  zz  —  -  +  2  :^:  -^~  — 


,  an     r  zz 


6.  Tlicrcars  four  ;  in  Anttmstical  Progrefilon  wliere- 

.-o  extremes  is  45,  and  that  of  the  means 
7  ;   Wh'it  are  the  numbers  ? 

Let 
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Let  7  zr  lefs  extreme,  and  u  —  common  difference,  then  r}  y-f-% 
r-f-2w,  r-f-.^w  will  be  the  4  numbers,  and 

f  r  X  r-f-3M  zz:  r2  4-  orw  —  45  n   , 

I  by   the   queftion  ; 
Lr-f  «X  r4-2w  —  r2  4-3rtt-f-2M2   rr  77  J  ^ 

whence  2z<2  zz:  77 — 45  zz:  3?,  and  w2  zz:  —  zz:  16,   by  fubtra&iori 

and  divifion,  or  u  zz:  y' :  6  —  4  by  evolution,  therefore  r2  4-3*7,5 
:zzr24-!2rzz:45,  by  the  firft  equation;  alfo  r 24-12/4-36  ~  454- 
36  zz:  SF,  by  completing  the  fquare,  and  r+b  —  y 81  zz:  9,  by 
the  extraction  of  roots,  confequently  r  —  9 — 6  zz:  3,  and  tne 
numbers  are  3,  7,  11  and  15. 

RECAPITULATION   of  the  PRINCIPLES  of  ARITHMETIC  and 
ALGEBRA. 

AXIOM  i.  Since  whole  numbers  ir.creafe  in  a  decuple  propor 
tion,  lO  is  the  univerfal  ratio  of  any  feries  of  numbers  whatever  5 
and  the  reafon  for  carrying  at  iO  in  Addition  ard  Multiplication 
is  ielfevident,  fince  10  in^ny  place  to  the  right  is  equal  to  i  in 
the  next  place  to  the  left.  Hence  alfo  the  reafon  for  carrying 
according  to  the  fubdivifions  of  any  integer  when  feveral denom 
inations  are  to  be  added. 

AXIOM  2.  If  two  whole  numbers  be  equally  increafed,,  their 
difference  is  always  the  fame.  Hence  the  reafon  of  borrowing  iO 
in  one  place  to  the  right,  and  paying  it  back  by  carrying  one  to 
the  next  place.  Hence  likewife  the  reafon  will  be  evident,  for 
placing  the  firft  figure  to  the  righj  of  the  produft  of  every  par 
ticular  multiplier  dire&ly  below  its  own  multiplier. 

AXIOM  3.  The  multiplicand  will  be  increafed  or  diminished 
in  proportion  to  the  multiplier,  when  the  fame  multiplicand  is 
ufed.  Hence  the  ^reafon  why  the  multiplicand  is  incrcafed, 
when  it  is  multiplied  by  any  thing  greater  than  unity,  and  de- 
creafed,  when  it  is  multiplied  by  a  fr;'6bion. 

AXIOM  4.  The  dividend  will  be  increafed  or  diminifhed  in 
proportion  to  the  divifor,  when  the  fame  dividend  is  ufed. 
Hence,  to  divide  by  any  thing  greater  than  unity,  will  quote  a 
number  lefs  than  the  dividend  ;  and,  on  the  contrary,  to  divide 
by  any  thing  lefs  than  unity,  will  quote  a  number  greaier  than 
the  dividend. 

AXIOM  5.  The  whole  is  equal  to  all  its  parts  taken  together. 
Hence  one  fum  may  be  made  equal  to  feveral  by  Addition,  and 
fubtraftion  may  be  proved  by  adding  the  difference  to  the  lead 
given  fum. 

AXIOM  6.  If  equal  quantities  be  added  to,  taken  from,  mul 
tiplied  or  divided  by,  equal  quantities,  the  fums,  remainders, 
products,  and  quotients,  will  refpeftiveiy  be  equal.  Hence  the 
reafon  of  reducing  equations  by  Addition,  Subtraction,  Multipli 
cation,  and  Divifion,  and  of  abridging  commenlurable  terms,  and 
canceling  equal  quantities  and  numbeis. 

AXIOM 
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AXIOM  7.  To  multiply,  or  divide,  any  quantity  or  number  by 
other  quantities  or  numbers  continually,  is  the  fame  as  to  multi 
ply  by  the  product  of  thofe  other  numbers.  Hence  the  reafon  of 
iiiuitiplying,  or  dividing  by  component  parts. 

Axiou  8.  If  four  numbers  or  quantities  be  proportional,  the 
reftangle  or  product  of  the  extremes  will  be  equal  to  the  product 
of  the  means  ;  and  vice  verfa,  if  the  product  of  the  extremes  be 
equal  to  that  of  the  means,  the  numbers  or  quantities  are  pro 
portional, 

AXIOM  9.  The  quotient  of  any  two  fucceeding  powers,  when 
the  next  higher  is  divided  by  the  next  lower,  exhibits  the  root 
of  thefe  powers.  On  the  contrary,  if  any  power  be  multiplied 
by  the  root  of  that  power,  the  product  will  be  the  next  higher 
power  of  the  root :  And  if  a  higher  power  be  divided  by  the  root, 
the  quotient  will  exhibit  the  next  lower  power.  Again,  if  a 
proportional  part  of  a  higher  power  be  divided  by  a  proportion 
al  part  of  the  next  lower  power,  the  quotient  will  exhibit  a  pro 
portional  part  of  the  root.  Hence  the  firft  figure  ©r  figures  dn 
the  root  of  any  power  being  raifed  to  the  power  next  lower  than 
that  whofe  root  is  wanted,  and  that  power  multiplied  by  a  num 
ber  expreffing  the  proportion,  which  the  given  power  bears  to 
its  root,  produces  a  proportional  divifor,  whofe  ratio,  compared 
with  the  dividual,  is  a  proportional  part  of  the  root,  which  be 
ing  annexed  to  the  former  part  of  the  root,  and  raifed  to  the 
full  power  of  the  given  number,  will  be  either  the  whole  or  a 
proportional  part  of  the  given  power,  difcoverable  by  Sub 
traction,  &c.  Hence  we  have  a  general  rule  for  extracting  the 
root  of  any  power  whatever. 
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SECTION         I. 

Of  the  ELLIPSIS. 

Definition   i . 

IF  two  pins  be  fixed  at  the  points  F,  S  ; 
and  a  thread  PSFP,  put  about  them  and 
knotted  at  P  ;  then  if  the  thread  be  drawn 
tight,  and  the  point  P  and  the  thread  be 
moved  about  the  fixed  ce'ntres  F.S  ;  the  point 
P  will  defcribe  the  curve  PD/>BEAP,  call 
ed  an  EUipfts.  See  Fig.  i. 

Def.  2,  The  points  or  centres  F,  S,  are  called  the  foci* 
Def.  3.  The  line  A.B,  drawn  through  the  foci  to  the  curve,  is 
called  the  tranfverfe  axis, 

fie.  2. 


Def.  4.  The  point  C  in  the  middle  of  the 
axis  AB,  is  the  centre.     See  Fig.  2.  A 


T 
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Def.  5.  The  line  DE,  [drawn  through  the  centre  C)  perpendic 
ular  to  the  tranfverfe  AB,  is  called  the  conjugate  axis.  See  Fig.  2. 

Def.  6.  Any  line  TO,  drawn  through  the  centre  C  to  the  curve, 
is  called  a  diameter.  And  the  extremity  T  (or  O)  its  vertex. 

Def.  7.  If  TO  be  a  diameter,  then  the  diameter  GK,  drawn 
parallel  to  the  tangent  at  its  Vertex  T,  is  called  its  conjugate.  And 
the  two  diameters  TO,  GK,  are  faid  to  be  conjugates  to  one  another. 

Def.  8.  The  line  LR  (drawn  through  the  focus  F,  perpendicular 
to  the  tranfverfe  axis  AB,)  is  called  the  parameter  or  lalus  rectum, 

Def. 
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Def,  g.  A  line  drawn  fram  any  point  of  the  curve  (as  HI)  per 
pendicular  to  the  tranfverfe  axis,  is  called  an  ordinatc  to  the  tranf 
verfe.  And,  in  general,  any  line  drawn  from  the  curve  to  any 
diameter  TO,  parallel  to  its  conjugate  GK,  (as  HN,)  is  an  ordi- 
nate  to  that  principal  diameter  TO.  If  it  go  quite  through  the 
figure,  as  HA,  it  is  called  a  double  ordinatc. 

Def.  10.  A  right  line  meeting  the  ellipfis  in  one  point  M,  but 
does  not  cut  it,  is  called  a  tangent  to  it  in  that  point,  as  TM. 

Def.  11.  The  part  of  the  diameter  between  the  vertex  and  the 
ordinate,  is  called  the  abjciffa^  TN,  AI.  And  the  vertsx  is  the 
extremity  of  any  diameter. 

PROPOSITION  I.  The  fam  of  the  lines  FP,SP  drawn  from  the 
foci,  to  any  point  of  the  curve,  is  equal  to  the  tranfverfe  axis 
AB.  See  Fig.  i. 

For  by  conftruaion,  PF-f-PS  zz  AF-f-AS  zz  AF-f  AF-fFS  — 
sAF-f  FS.  And  the  fame  PF-f-PS  zz  sBS-f  FS  ;  therefore  aAF 
4-FS  zz  2BS4-FS,  and  2  AF  zz  tliS.  or  AF  zz  BS.  Whence 
PF-fPS  zz  2AF+FS  zz  AF+BS  +  FS  zz  AB. 

COR.  The  two  foci  are  equally  diftant  from  the  vertices,  and 
alfo  from  the  centre  :  AF  zz  BS  ;  and  FC  zz  SC.  For  it  is 
proved  that  AF  zz  BS  ;  and  fince  AC  zz  CB  (Def.  4,-)  therefore 
AC—  AF  =  CB—  BS,  or  FC  zz  SC. 

PROP,  II.  A  line  drawn  from  the  end  of  the  conjugate  axis, 
to  the  focus,  is  equal  to  half  the  tranfverfe  ;  DF  zz  CA.  See 
Fig.  3- 

Draw  DS  to  the  other  focus.  Then  the 
two  right  angled  triangles  CDF  and  CDS  are 
iimiiar  and  equal.  For  SC  zz  CF,  the  angles 
at  C  are  right,  and  CD  common  :  therefore 
SD=zDF;andfmce  the  Turn  SD-fDFzz  the 
tranfvcrfe  (Prop,  i,)  and  of  them  DF  zz  half 
the  traniverfe  CA. 

COR.  The  diftance  of  the  foci  is  a  mean  proportional  between 
the  fum  and  difference  of  the  tranfverfe  and  conjugate  axis, 

SF2  zz  hA-f  D&X.BA—  DE  :  For  CA*  zz  DFa  zz  DC'-f-CF*  ; 
Fazz  CA^-CD1  —'CAH--CDXCA--L.D  ;  and  ^F^cr 


SFa  zz  2CA-f  2CDX2CA—2CD. 

PROP.  III.  The  reftangle  of  the  focal  dulance?,  from  either 
vertex,  is  equal  to  the  f  qua  re  of  the  jfemi  conjugate  :  AFxl?B 
—  DC1.  See  Fig.  3. 

For  DC*zz  DF*—  CF*zr  (Prop.  2.)  CA*-CF*  zz  C^-fCFx 

CA—  Of  zz  BC-f-CFxCA—  CF  —  BFxFA. 

PROP. 
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PROP.  IV.  As  the  tranfverfe  axis  to  the  conjugate,  fothe  con 
jugate  to  the  latus  reftum  of  the  tranfverfe  :  AB  :  DE  : :  DE  : 
LR.  See  Fig.  3- 

For  SIH-LF  zz  BA  zz  2C  A  (Prop,  i.)  ;  and  SL  =  2CA— LF, 
ard  by  fquaring  SL2  zz  4CA2—  46 AX LF+LF2.  And  in  the 
right  angled  triangle  SLF,  SL2  zz  SF2-f  LF2  ;  whence  4AC2— 
4CAXLF  +  LF2  zz  SF2-fLF2,  and  4AC2— 4CAxLF  zz  SF* 
;r  4CF2,  and  4AC2  zz  4CAx  LF+4CF2  zz  4CAxLF+4DF» 
— 4DC2,  and  4AC2+4DC2  zz  4CAxLF4-4DF2  ;  but  CAa  =3 
DF2  (Prop.  2.)  ;  therefore  4DC2  zz  4CAXLF  zz  aCAX  aLF  ; 
that  is,  DE2  zz  BAxLR. 

COR.  i.  As  the  femitranfverfe  is  to  the  femiconjugate,  fo  the 
femiconjugate  to  half  the  latus  reftum  ;  CA  :  DC  :  :  DC  :  LF. 

COR.  2.  As  the  femitranfverfe,  to  the  di  fiance  of  the  focus  from 
the  centre  ;  fo  is  the  fame  diftance,  to  the  difference  between  the 
femitranfverfe  and  half  the  latus  reftum  :  FC2  zz  CAXCA— LF. 

For  CF2  =  DF2  — DC2  zz  CA2— CD2  rz  CA2--CAxLF. 

COR.  3.  The  rcdapgle  BFA  =  half  the  tranfverfe X half  the 
latus  re&um  zz  CAxFL.  By  Cor.  i.  and  Prop.  3.  See  Fig.  3. 

SCHOLIUM.  Since  the  tranfverfe  axis  is  to  the  conjugate,  fo  the 
conjugate  to  the  latus  re&um,  of  the  tranfverfe  axis.  Therefore, 
in  any  other  diameters,  the  third  proportional,  to  the  diameter 
and  its  conjugate,  is  called  the  latus  re£lum  of  that  diameter. 

PROP.  V.  From  any  point  M  in  the  curve,  drawing  the  line 
MF,MS,  to  the  two  foci  ;  and  the  ordinate  MP  perpendicular  to 
the  tranfverfe  axis  BA  ;  it  will  be, 

As  the  femitranfverfe,  CA  : 

To  the  diftance  of  the  focus  from  the  centre,  CF  :  : 

So  the  diftance  of  the  ordinate  from  the  centre,  CP  : 

MS MF 

To  half  the  difference  of  the  lines  MF,MS,  or 

For.  make  SD  zz  CA,  then  SM  zz  CA-f 
DM,  and  FM  zz  2CA—SM  zz  CA— DM. 
In  the  ri<rht  ongled  triangle  SMP,  SM2  or 
CA2-f2CAxDM-f  DM2  zz  SP24.PM2  zz 
CF-fCF2-f-PM2  zz  CF24-2CFxCP-fCP2 
4-PM2,  and  in  the  rightangled  triangle  FMP, 
FM2  or  CA2— sCAx  DM-f  DM2  zz  FP-f  2 

FM2  ZT  ilb'— cl^-f-PM  2—  CF2—oCFx  CP 
-f  CP2-f  PM2  ;  then  fubtrading  the  latter  Aquation  from  the  for- 
mer.  SM2— -FM2  zz  4^AXDM  ~4CFxCP,  and  CFxCPzz 
CAX  DM,  But  fmcc  SM  zz  CA+DM,  and  FM  zz  CA— DM  ; 

thcre'crc  SM—FMzzsDM  ;  therefore  CFx  CP=C  A X  ^^-^. 

2 

COR.  i.  I  F.S  be  the  foci,  MP  2n  ordinate  ;  then  it  is  CA  : 
CF  ;:  C?  :  CA— MF'or  bM—CA.  See  Fig.  4. 

For 
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ForCFxCPzzrCAxDM,  andDMzr  SM— . CA  ~  CA— FM. 

COR.  2.  If  FjS,  be  the  foci,  MP  an  ordinate  ;  then  the  differ 
ence  of  the  fquares  of  the  lines  £>M,FM  ;  that  is,  SM2 — FM2  zz: 
4CFX  CP. 

COR.  3.  If  F,  S,  be  the  foci,  MP  an  ordinate  ;  then  CAx 
SM— FM  =  2CFx  CP. 


For  SM2—  FM2  —  5M-fMxSM  —  FM  =  aCAXSM—  FM 


—  4CFXCP,  and  CAxi>M—  FM  ~  2CFxCP. 
SCHOLIUM.  If  PM  fall  on  the  other  fide  of  F,  as  pm,  then  j&Fz± 

Cp  —  CF,  and  its  fquare  the  fame  as  before,  and  the  reft  of  the 
demon  ftration  the  lame. 

PROP.  VI.  If  an  ordinate  MP  be  drawn  to  the  tranfverfe  ax 
is  ;  it  will  be, 

As  the  fquare  of  the  tranfverfe,  BA2  : 

To  the  fquare  of  the  conjugate,  ME2  :  : 

So  the  rectangle  of  the  fegments  of  the  tranfverfe  BPA  : 

To  the  fquare  of  the  ordinate^  PM2.     See  Fig.  4. 

For  make  SD  ±r  CA,  then  DM  is  half  the  difference  of  SM 
and  MF  ;  therefore  by  Prop.  5.  CA  :  CF  :  :  CP  :  DM,  and  CA 
:  CA+CF  or  BF  :  :  CP  :  CP-f-DM,  and  CA  :  CP  :  :  BF  :  CP-f- 
DM,  and  CA  :  CA+CP  or  BP  ::  BF  :  BF-fCP-j-DM.  But  BF 
=  BC+CF  =  SD+CF  ;  and  BF-f-CP+DM  =  SD-fCF-fCP 
4-DM  =  SM-f-CS-f  CP  =  SM+SP  ;  whence  CA  :  BP  :  :  BF  : 
SM4-SP.  Again,  fmce  CA  :  CF  :  :  CP  :  DM  ;  then  CA  :  (CA 

—  CF)  AF  ::  CP  :  CP—  DM  ;  and  CA  :  CP  :  :  AF  :  CP—  DM. 
And  CA  :  (CA—  CP)  PA  :  :  AF  :  AF—  -CP-f  DM.     But  AF  = 
CA—CF  =  SD—  SC  ;  therefore  AF—  CP4-DM  =  SD—  SC— 
CP-f-DM  =  SM—  SP  ;  therefore  CA  :  PA  :  :  AF  :  SM—  SP,  and 
we  had  before,    CA  :  BP  :  :  BF  :  SM-f-SP  ;    then  multiplying 
thefe  proportions  together,  we  have  CA2  :  BPxPA  :  :  BFxFA 
:  SM2—  SP2. 

But  (Prop.  3.)  BFXFA  zr  CN2  ;  and  SM2—  SP2  =  PM2  ; 
therefore  CA1  :  BPA  :  :  CNX:  PM%  or  alternately,  CA2:  CN2  ;  : 
BPA  :  PM2,  or  BA2  (4CA2)  :  NE2  (4CN2)  :  :  BPA  :  PM2. 

COR.  i.  CA2  :  CN2  :  :  BFA  :  PM2. 

COR.  2.  As  the  tranfverfe  BA  :  to  its  latus  re£tum  ::  So  the 
reftangle  BPA  :  to  fquare  of  the  ordinate  PM2. 

NE2 
For  (Prop.  4.)  latus  rectum  zz          ,  whence,  fince  B  Az  :  EN*  :  : 

NE2  . 

BFA  :  PM2,  therefore,  B  A  :  —  -  or  latus  redum  :  :  BFA  ;  PM1. 

ISA. 

COR.  3.  Tr-s  rectangles  of  the  fegments  of  the  tranfverfe  are 
as  the  fquares  of  the  ordinates. 

For  every  reftangle  is  to  the  fquare  of  its  ordinate^  in  the  giv 
en  ratio  of  CA2  to  CN2,  or  of  BA  to  the  latus  re&um, 

Con, 
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COR.  4.  As  the  fquare  of  the  femitranfverfe  CA2 
Reftangle  of  the  focal  diftances  from  vertex  BFA  :  , 
So  reftangle  of  the  fegments  BPA  : 
To  fquare  of  the  ordinate  PM2. 

SECTION        II. 

Of  the  PARABOLA 

Definition  i.  If  one  end  of  a 
thread,  equal  in  length  to  CH,  — 
be  fixed  at  the  point  F,  and  the 
other  end  fixed  at  H,  the  end 
of  the  fquare  DCH.  And  if 
the  fide  CD  of  the  fquare  be 
moved  along  the  right  line  BD, 
and  always  coincide  with  it, 
then,  if.the  firing  FGH  be  al 
ways  kept  tight,  and  clofe  to 
the  fide  GH  of  the  fquare,  the 
point  or  pin  G  (where  it  leaves  the  fquare)  will  defcribe  a  curve 
MRALGK  called  a  Parabola.  See  Fig.  5. 

Def.  2.  The  fixed  point  F  is  called  the  focus. 
Def.  3.  The  right  line  BD  is  called  the  direttrix. 

Def.  4.  If  the  line  BN  be  drawn  through  the  focus  F,  perpen 
dicular  to  BD  ;  then  AN  is  called  the  axis  of  the  parabola,  and 
A  the  vertex. 

Def.  5.  A  line  drawn  through  the  focus  F,  perpendicular  to 
the  axis,  as  LR,  is  called  the  parameter  or  latus  reftum. 

Def.  6.  Any  line  drawn  within  the  curve,  parallel  to  the  axis, 
as  GH,  is  called  a  diameter.  And  the  point  G,  where  it  cuts  the 
curve,  is  the  vertex. 

Fig.  6. 


Def.  7.  A  right  line  drawn  from  any 
diameter  to  the  curve,  and  parallel  to 
the  tangent  at  the  vertex,  as  PM,  is  call 
ed  an  ordinate.  If  it  go  quite  through 
the  curve,  it  is  called  a  double  ordinate. 
See  Fig.  6. 


Dtf. 
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Dtf.  8.  The  part  of  the  diameter  between  the  vertex  and  ordi- 
nate,  as  GP,  is  called  the  abfcijfa. 

Dcf.  9.    A  right  line  meeting   the  curve  in  one  point  G,  but 
does  not  cut  it,  is  called  a  tangent  in  that  point. 


Fig,  7. 
D  B 


PROPOSITION  I.    If  BD  be  the  di- 
re&rix,  G  any  point  in  the  curve,  the 
line  GD  drawn  to  the  direftrix,  paral 
lel  to  the  axis,  is  equal  to  the  line  GF       / 
drawn  from  the  fame  point  G  to  the  fo-     / 
cus  ;  GD  zz:  GF.     See  Fig.  7. 


H 


For  HG-f-GF  zz  length  of  the  firing  zz  HD  ;  take  away  Gil 
from  both,  and  then  GD  zz  GF. 

COR.  i.  The  diflances  of  the  focus,  and  of  the  direftrix  from 
the  vertex  are  equal.  AB  nr  AF.  For  when  D  is  at  B,  G  will 
be  at  A  ;  confequently  AB  zz  AF. 

COR.  2.  If  GPbean  ordinate  to  theaxis;  then  AP-f-AFzzFG  ; 
For  AP-f-AF  rz  BP  zz  GD. 

COR.  3.  FG— FP  =  half  the  latus  redum. 

PROP.  II.  The  diftance  of  the  focus  from  the  vertex  is  |  the 
latus  redum  :  AF  =  JLR  =  ^LF.  See  Fig.  5. 

For  when  the  pin  G  comes  to  L.  then  LF  rz  FB  (Prop.  i» 
Cor.  i.)  zn  sFA,  and  AFzz:-|FL,.  For  the  fame  reafon  FAzz|FR, 
therefore  FA  zz:  |LR, 

SCHOLIUM.  As  the  latus reftum  to  the  axkis  four  times  the  dif 
tance  of  the  vertex  A  from  the  focus  F  :  So  in  any  other  diame 
ter  GH,  four  times  the  diftance  of  its  vertex  from  the  focus,  or 
AFG,  is  called  its  latus  reflum. 

PROP.  III.  The  fquare  of  any  ordinate  to  the  axis  is  equal  to 
the  redangle  of  the  latus  reftum  and  afcfciffa  :  PM2  zz  LRX  AP. 
See  Fig.  8. 

For 
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For  MF  z=  AF+AP  z=  (Prop.  t.)AP 
4-|LR,andFPzrAP— AFzrAP— ^LR. 
An-d  in  the  right  angled  triangle  MFP, 

=±  2APx|LR  zzAPxLR.  ^ 


COR.  i.  If  Fbe  the  focus,  MP2  zz  APX4AF. 

COR.  2.  The  abfciflas  are  as  the  fquares  of  their  ordinates. 

AP  :  AQ::  PM2  :  QN2.  For  AP  :  AQ  ::  APxLR  :  AOX 
LR  ::  PM2  :  QM2. 

COR.  3.  The  latus  reftum  is  a  third  proportional  to  the  abfcif- 
fa  and  ordinate.  AP  :  PM  :  LR-H-. 

PROP.  IV.  As  the  latus  return  td  the  fum  of  any  two  ordi 
nates  ;  fo  their  difference,  to  the  difference  of  the  abfciffae. 
Lat.  rea.  :  CD  ::  JMD  :  PQ.  See  Fig.  9. 

Let  L  in  latus  reflum,  then  (Prop.  3.) 
LXAP  — PM2;  andLxAQ  — NQ2. 
And  by  fubtraftion,  LX  AQ— LX  AP 
=  NQ2-PM2  ;  therefore  L  :  NQ-f- 
PM  ::  NQ— PM  f  AQ-AP  ;  that  is, 
L  :  DC  ::  ND  :  PQ.  '/ 

COR.  i.  If  MD  be  the  axis,  NC  an 
ordinate  to  it ;  then  the  reftangle  NDC 
zz:  MD  X  parameter. 

GOR.  2.  The  reftangle  NDC  is  every  where  as  MD. 


C      T      I      O       N 

Of  the  HYPERBOLA. 


III. 


Fig.  10. 


Definition  i.  If  the  ends  of  two 
threads  SPQ.  FPQ,  be  faftcned  at 
the  points  S,  F,  and  be  made  to  pafs 
through  a  fmall  bead,  or  pin  P,  and 
knotted  together  at  Q  ;  then  taking 
hold  of  Q,  and  drawing  the  threads 
tight  ;  if  the  bead  be  moved  along 
the  threads,  the  point  P  will  de- 
fcribe  the  curve  mp  APM,  called  an 
hyperbola.  See  Fig.  10 


Ttt 
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Def.  2.  And  if  the  end  of  the  long  thread  be  fixed  at  F,  ana 
that  of  the  fhort  one  at  S  ;  and  the  curve  NBR  be  defcribed  af 
ter  the  lame  manner,  that  curve  is  called  the  oppofite  hyperbola  ; 
and  both  curves  together,  MAw,  NBR,vare  called  oppofite  fe^i^ns, 
or  oppoftte  hyperbolas. 

Def.  3.  The  two  fixed  points  F,S,  are  called  thc/oa. 

Def.  4.  The  line  AB  (pafling  through  the  foci,  when  continu 
ed)  contained  between  the  two  parts  of  the  curve,  is  called  the 
tranj-verje  axis. 

Def.  5.  The  middle  point  of  AB,  that  is,  C,  i$  called  the  cen 
tre  of  the  hyperbola,  or  of  the  oppofite  feclions. 

Def.  6.  If  VY  be  drawn  through  the  centre  C  perpendicular 
to  AB  ;  and  with  radius  CF,  and  centre  A,  an  arch  be  defcribed, 
catting  VY  in  V,  and  Y  ;  then  VY  is  called  the  conjugate  axis. 

Fig.  1 1 . 


Def.  7.  Any  line  TO  drawn  through 
the  centre  C,  and  terminated  at  the  op 
pofite  feclions,  is  called  a  diameter  ;  and 
the  extremity  T  (orO)  its  vertex.  And 
the  line  drawn  through  the  centre,  par- 
sll?!  to  the  tangent  at  the  vertex,  is  call 
ed  its  conjugate  diameter.  See  Fig.  iO. 


Def.  8.  If  any  diameter OT  be  continued  within  the  curve,  the 
part  within,  TP,  is  called  the  abjdjfa. 

Def.  9.  Any  line  PM,  drawn  parallel  to  the  tangent  at  the  ver 
tex  T,  and  terminated  at  the  abfciffa  and  curve,  is  called  an  ordi* 
nate  to  that  diameter  TO.  And  if  it  go  quite  through  the  curve, 
a i  is  called  a  double,  crdinate. 

Dtf.  10.  The  line  LI,  drawn  through  the  focus  F,  perpendicu 
lar  to  the  tranfverfe  axis  AB,  and  terminating  at  the  curve,  is 
called  the  parameter  or  latus  re£lum.  See  Fig.  iO. 

Def.  11.  If  the  ends  of  the  two  axes  be  joined  by  the  lines  BY, 
BV  :  and  through  the  centre  C,  two  lines  CH,  CG,  be  drawn 
pardlel  to  BY,  BV  ;  or  (which  is  the  fame)  if  V Y  be  placed  at 
A,  perpendicular  to  BA  ;  and  the  lines  CH,  CG,  be  drawn  from 
the  centre  C,  through  the  ends  E,D  ;  thefe  lines  CH,  CG,  are 
called  the  ajfymptqtcs  of  the  hyperbola,  or  of  the  oppofite  hyper 
bolas. 
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Bef.  12.  When  the  tranfverfe  and  conjugate  axes  are  equal, 
'AC  zz  CV  or  AD,  the  curve  is  called  an  equilateral  hyperbola,  or 
right  angled  hyperbola. 

Def.  13.  A  right  line,  which  meets  the  hyperbola  in  one  point 
T,  but  does  not  cut  it,    as  TH,   is   called  a  tangent  to  it,  in  that, 
point  T.     See  Fig.  11. 

Def.  14.  If  two  oppofite  hyperbalas,  KO,  TW,  be  in  like 
manner  defcribed  to  the  tranfverfe  VY  (  zz  DE,)  and  conjugate 
AB  ;  thefe  are  called  conjugate  hyperbolas.vtilh  regard  to  the  former. 

PROPOSITION  I.  The  difference  of  the  lines  SP,  FP,.  drawn 
from  the  f©ci,  to  any  point  P  of  the  curve,  is  equal  to  the  tranf 
verfe  axis  AB.  See  Fig.  10. 

For  by  conftrudion  PS— PF  zz  AS— AF  zz  AB-fBS— AF  — 
(becaufe  BS  z£  AF)  AB. 

COR.  Hence  CF  :rz  CS,  or  the  foci  are  equally  diftant  from 
the  centre. 

PROP.  II.  The  fquare  of  the  diftance  of  the  focus  from  the 
centre  is  equal  to  the  fum  of  the  fquares  of  the  femitranfverfe 
and  femiconjugate.  CF2  zz  CA2-j-CY2. 

For,  make  AE  equal  and  parallel  to  CY,  then  the  radius  CEzz 
CF  ;  and  in  the  right  angled  triangle  CAE,  CE2  zz  CA2-f  AE2  ; 
that  is,  CF2  zz  CA2-f-AE2  zz  CA2-f  CY2. 

COR.   CF2— AE2  rz:  CA2  ;  and  CF2— CA2>zz  AE2  zz  CY2. 

PROP.  III.  The  re6langle  of  the  focal  diftances  from  either  ver 
tex  is  equal  to  the  fquare  of  the  femiconjugate,  FAX  SA  zz  CY2. 

For,  making  AE  zz  CY  ;  by  the  property  of  the  circle,  FAX 
ASuz  AE2  zzCY2. 

COR.  The  reftangle  if  the  diftance  of  either  focus  from  the 
two  vertices  is  equal  to  the  fquare  of  the  femiconiugate,  FAv 
FBzzAE'zzcV. 

For  SB  zz  FA  and  SA  zz  FB,  whence  FAxFB  zz  FAxSA 
zzAE2. 

PROP.  IV.  As  the  tranfverfe  axis  is  to  the  conjugate  ;  fo  the 
conjugate,  to  the  latus  rectum  of  the  tranfverfe;  AB  :  VY  :: 
VY  :  LI.  See  Fig.  12. 


For  (Prop,  i.)  SL—LF  zz  BA  zz  2CA  ; 
and  SL  zz  2CA-f- LF  ;  and  SL2  zz  4CA2 
4-4CAXLF+LF1  ;  and  in  the  right  an 
gled  triangle  SLF,  SL2  zz  SF2-f-LF2,  and 
fubtracling  LF2  from  thefe  two  values  of 
SL2  ;  then  4CA2-f4CAx  LF  zz  SF2  zz 
4CF2  ;  and  CF2  zz  CA2-|-CAxLF.  But 
(Prop.2.)CF2zz^A2-f- CY2zzCA2  +  CA 
XLF;  therefore  CY2  zz  CAxLF,  and 
multiplying  by  4,  VY2  zz 


Fig.  12. 


Cos. 
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Co  R.I.  As  the  femitranfverfe,  to  the  femiconjugate  ;  fo  thefemx 
iconjugate  to  half  the  latus  reftum,  CA  :  CY  :  LF. 

Con.  2.  As  the  femitranfverfe  to  thediftance  of  the  focus  from 
the  centre  ;  fo  is  the  fame  diftance,  to  the  fum  of  the  femitranf- 
»verfe  and  half  the  latus  redum,  CA  :  CF  : :  CF  :  CA-fLF. 

For,  (Prop.  2.)  CF2  =  CA'+CY1  =  CA2-f  CAxLF  ~  CA 

x  LAXFJL. 

COR.  3.  The  reftangle  BFA  =±  $  tranfverfeXl  latus  reftum  =r 
CAX  FL.  By  Cor.  i,  and  Prop.  3. 

SCHOLIUM.  Since  the  tranfverfe  axis  is  to  the  conjugate,  as  the 
conjugate  to  the  latus  reftum  of  the  tranfverfe  axis  ^therefore,  in 
any  other  diameters,  the  third  proportional,  to  any  diameter  and 
its  conjugate,  is  called  the  latus  reEtum  of-  that  diameter.  Therefoic, 
in  a  right  angled  hyperbola,  every  diameter  is  equal  to  its  latus 
retlum. 
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